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FOREWOR l> 

At the Autumn Meeting of the Society of Swedish 
Metallographers in September, 1926, Mr. (». Malmberg, 
then Vice-President, put forward a proposal for the 
publication at the Society’s expense oi a Handbook 
of Etching for iron and steel. The proposition was 
adopted, and at the Spring Meeting in 1927 it was re¬ 
solved that the necessary work should he commenced as 
soon as possible. 

Mr. B. Palm gran, metallurgical engineer, was ap¬ 
pointed to carry out the task and, at the Institute of 
Metallography in October, 1927, he began to search 
through the more recent literature (from the beginning 
of 1916 onwards). At the end of November, however, 
he was prevented from continuing, after having gone 
through Stahl und Eisen, 1916-27, the Journal of Hie 
Iron and Steel Institute, 1916-27, and the Revue de 
Metallurgie, 1916-22, together with smaller sections of 
other periodicals. 

\An arrangement was then made with Mr. '1". Berg- 
lund, metallurgical engineer, to complete the collection 
of data and to correlate the material. 

As the work proceeded it appeared advisable- in 
accordance with expressed requests- to enlarge the 
original programme to include also such non ferrous 
metals as are met with in an industrial laboratory. The 
additional searching of the literature which was thereby 
rendered necessary has, of course, delayed the com¬ 
pletion of the work. 

In order to be able to utilize in the handbook the 
experience with etching reagents which has been 
acquired in many industrial organizations, a circular 
was sent out in January, 1928, to eighteen iron-works 
and laboratories. Of the thirteen replies received seven 
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contained a number of valuable farts which have been 
duly incorporated in the book. 

The Society of Metallographers wishes to express 
here its gratitude to those firms which, in tint above 
way, have helped to increase tin; value of the handbook. 

The finished manuscript: has been read completely 
through by the Society’s secretary, Mr. < 1 . Phragmen, 
who also compiled a large part of the general account 
of etching reactions; in addition, then* are certain 
sections by the present writer. Furthermore, copies of 
the manuscript were sent to, and criticized by, various 
members of the Council and some other interested 
parties. The Council hopes, therefore. Dial the work 
willnot be found to contain any serious errors, and that 
it will serve its purpose for the benefit of industry. 

Finally, the Council would appreciate any criticisms 
of the handbook and suggestions for its future improve¬ 
ment. These should be sent to Metallograliska Insti- 
tutet, Stockholm. 

For the Society of Swedish Metallographers, 

CARL BENEDICKS, 

President. 



TRANSLATOR’S PREFACE 


As regards the object of this Handbook there is little 
to add to what is said in the Foreword and Introduction. 
The book is addressed primarily to the many metallo¬ 
graphers in industry who are often handicapped in their 
work by being unable to consult large technical libraries 
when requiring information on etching reagents and 
methods. 

It will be found that the present volume is thoroughly 
practical in its outlook and that, as far as possible, no 
relevant detail regarding the etching reagents described 
or their manipulation has been omitted. From this 
point of view, therefore, it is hoped that the book will 
also be of use as a laboratory manual for advanced 
students of the science of metals. 

In order to save space in the text the initials A.S.S.T. 
and A.S.T.M. have been used instead of the somewhat 
lengthy titles of the American Society for Steel Treat¬ 
ing and the American Society for Testing Materials 
respectively. 

I wish to express my thanks to Messrs. Chapman 
and Hall, Ltd., for their kind permission to include 
Tables VII and VIII. 

It is also a very great pleasure to be able to thank 
Mr. Torkel Berglund and Mr. Helge Lofquist for their 
kindness in reading and criticizing the manuscript of 
the translation, and also Dr. Carl Benedicks for his 
continued persona] interest and help throughout. 

W. H. D. 
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CHAPTER I 

INTRODUCTORY 

" Etching provides an easy way of distinguishing the different 
kinds of iron and steel, with regard to their hardness, density, and 
equality or inequality of intrinsic properties. . . /’ 

Sven Rinman, 1774. 

The etching of iron and steel with acids in order to 
render visible the structure of the material has been 
employed for a very long time. As early as 1773 Sven 
Rinman 1 recommended such etching for distinguishing 
between real and imitation damascening; the words 
quoted above were written by him in 1774. 2 N. G. 
Sefstrdm 3 stated in 1825 that “for demonstrating the 
uniform texture of bar-iron, this etching or corrosion 
with acids is a good method.” 

Widmanstatten in the year 1808 demonstrated the 
structure of ground and polished meteoric iron by 
etching with acids, and by heat-tinting. 4 

As practised, these early methods gave typical macro¬ 
etchings, and it was only when the microscope came 
into wider use for the examination of ground and 
polished sections of metals that the pioneers of metallo¬ 
graphy, Sorby, Martens, and Osmond, carried out tests 
on a number of micro-etching reagents for iron and 
steel. 6 

The first real period of development of metallurgical 

1 Vetenskaps Akademiens Handlingar, Vol. 34 (1773), p. 31S. 

2 Vetenskaps A kademiens Handlingar , Vol. 35 (1774), p, 14 

3 Jernkontprets Annaler ,1825, p. 155. 

4 F. Osmond, Crisiallographie du Fer , Paris, 1900, p. 25. 

6 The Jfirst communications by H. Sorby are found in Pros. Sheffield Lit . 
Phil. Soc., 186/j., and Brit. Assoc. Report , 1864, II, 189. 



microscopy occurred during So, and at this time 

etching was carried out with very dilute aqueous solu¬ 
tions of acids, particularly nitric arid and hydrochloric 
acid, and with iodine dissolved in alcohol supple¬ 
mented by the methods of " relief polishing'' and 
"polish attack” (Osmond), and of " heat tinting” 
(Martens and Behrens). In the years immediately 
following, the technique of microscopical investigation 
and, naturally, of etching developed very rapidly. 
Among the investigators who improved etching methods 
were Wedding, Heyn, I.e ('hotelier. Stead, Ischewsky, 
Kourbatoff, and those already mentioned. 

Thus by about the year t<)(>5 most of the types of 
etching reagent used to-day had been tested, but sub¬ 
sequently their compositions have been individually 
modified and improved in order to meet increased 
demands on their selectivity and power of definition, 
Also, as the years have gone by, new kinds of steels and 
alloys have come into use, and in their turn created a 
need for new etching reagents. 

The large numbers of etching reagents and etching 
methods which have been proposed from time to time 
have led to the result that the metallographer, when 
concerned with the etching of an uncommon or new 
material, will often hesitate in his choice of a suitable 
reagent. 

Previous Compilations. It is true, of course, that there 
already exists a number of very useful collections 
of the etching reagents in most general use, together 
with descriptions of their chief effects, but all these are 
either incomplete and condensed, or deal only with 
certain limited fields. 

Among the most important of these special collections 
may be mentioned the following. 


For Iron and Steel. 

R. S. Kerns, The Foundry Data Sheets, Nos. c*K. 
ment to The Foundry, ist and 15th June, 1920. " * 


Supple- 
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E. C. Groesbeck, Bureau of Standards, Scientific Paper No. 518, 
1920. (Alloy Steels.) 

Werkstoff-Handbuch, Stahl und Eisen, Blatt VII-7, VII-15, 1927. 

American Society for Testing Materials, Standards, 1927, 1 , p. 756. 

American Society for Steel Treating, Handbook , 1929, p. 325. 

For Non-Ferrous Metals. 

J. Czochralski, Stahl und Eisen, 1915, pp. 1072 and 1129. (Various 
Metals.) 

H. S. Rawdon and M. G. Lorentz. Bureaii of Standards, Scientific 
Paper No. 399, 1920. (Cu.) 

H. S. Rawdon and M. G. Lorentz. Bureau of Standards, Scientific 
Paper No. 435, 1922. (Cu-alloys, Ni and Ni-alloys.) 

WerkstoffTHandbuch , Nichteisenmetalle, Blatt C13-14, 1927. 

(Various.) 

American Society for Testing Materials. Proceedings , 1927, I., 
p. 769. (Various.) 

Bureau of Standards, Circular No. 346,1927, p. 21. (Aluminium.) 

American Society for Steel Treating, Handbook , 1929, p. 325. 
(Various.) 

The aim of the present work has been to collect into 
a handy reference book all information published to 
date which seemed to be of value. In so doing an 
attempt has been made to develop the subject as sys¬ 
tematically and concisely as possible, while preserving 
the essential details given in the various original 
articles. Thus, all information regarding the manu¬ 
facture of etching solutions, their use, etching time, 
etc., is given in unaltered form, even if, as a result, the 
presentation as a whole becomes somewhat discon¬ 
nected. In so far as it has been possible and convenient 
the chronological sequence of the various reports has 
been followed. As a result of this procedure certain ideas 
can sometimes be obtained for experiments with new 
etching reagents or modifications of old ones. 

Occasionally an etching reagent has been specially 
tested, and the results obtained reported. 

In the majority of cases, however, the published 
information on the effect of an etching reagent has, of 
necessity, been given without criticism. Nevertheless 
in more than one instance, particularly in regard to 
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non-ferrous metals, the description of the effect of 
etching has been based on far too slight a knowledge of 
the constitution of the alloys concerned. An example 
of how a mistake can arise through the uncritical use 
of etching reactions is to be found in a well-known 
work on iron-chromium alloys' (cf. Westgren, I’lirag- 
men, and Negrcsco). a Sometimes errors are caused by 
insufficient attention being paid to the differences in 
etching reactions caused by variations in the compo¬ 
sitions of the solid solutions present. 

When using this handbook, therefore, a certain 
critical attitude is necessary, since had criticisms been 
incorporated in the book itself it would have expanded 
into a textbook of metallography. 

The inclusion of systematically chosen photographs 
illustrating the action of the etching reagents would 
have been an advantage, but they occur very rarely in 
the literature. A few explanatory photographs have, 
however, been inserted by the writer. 

It is clear that a more scientific study of the action of 
etching reagents would be of great value. Actually, 
there are scarcely any potential measurements from the 
standpoint of etching to be found in the literature. 
Nevertheless an experimental investigation for the 
elucidation of such problems is outside the scope of the 
present work, and must be deferred to the future. 

General Arrangement. In the following pages the 
subject-matter is grouped into one general, and three 
special, chapters which are followed by a bibliography. 

The general chapter deals with the most essential 
points in the preparation of the specimens, and with 
the general properties of etching reagents, and also 
gives an outline of etching technique. Thu subject of 
the preparation of specimens has been dealt with very 
briefly, since it must be considered to be somewhat 


1 Journal of the Iron and Steel Institute, 1919, 100 , 445, 

2 Ibid., 1928, 117 , 383. 
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beside the point in a collection of information on metal- 
lographic etching. The special chapters deal respec¬ 
tively with the macro-etching of iron and steel, the 
micro-etching of iron and steel, and the etching of 
non-ferrous metals. 

The bibliography is divided into two parts, the first 
of which contains all the papers, etc., referred to in the 
text, while in the second some additional references 
are grouped under various headings. In all cases the 
references are given under authors’ names, and the 
abbreviations for the Journals are those adopted by 
the Institute of Metals, London. 
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(JKNKKAI. CONSIIiKK.VnONS 

Sampling. When investigating I he properties of a 
material, tlie first tiling to do is to obtain one ur more 
suitable samples. For metals, just as for other sub¬ 
stances, it is essential that speeinieto- intended for 
examination should be taken in such a way, and be of 
such a size, that they arc truly representative of the 
material from which they are removed. This holds both 
as regards the chemical composition of the material, 
and its physical condition. The specimens should,, 
therefore, be cut in such a manner that the material 
does not change its character us a result of heating or 
cold-working. 

The size chosen for the sample depends on the nature 
of the investigation, and on the mechanical resources 
available for its subsequent preparation. As regards its 
shape there should be, preferably, a definite relationship 
between the area of the grinding surface and the height; 
too great height is troublesome, jmd usually makes it 
difficult to obtain a flat polished section. For micro¬ 
scopical purposes grinding and polishing can be done 
most easily, and in the shortest time, on a section of 
one or two square centimetres area. Tin* difficulties in¬ 
crease proportionally as it becomes necessary to deviate 
from this order of dimensions, and only for the most 
imperative reasons should a surface be prepared which 
exceeds about 6 sq. cms. in area. For microscopic 
investigations of such a kind that a finely ground 
surface is required, a section of area i sq,'dm. may 
be considered as the upper limit for grinding by hand. 

Mounting the Specimen for Grinding and Polishing. It is 
necessary.to mount the specimen for grinding and 
polishing if it is too small to be conveniently held in,; 

6 
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the hand, and also if an examination of the edge of the 
section is important. For this purpose clamping, mount¬ 
ing in fusible material, or electroplating is employed. 

Clamping is used for the examination of the cross- 
sections of thin sheets. The section is held between two 
metal straps held tightly together with at least two 
screws. Soldering is sometimes useful for holding them 
in position. Specially designed clamps are an advant¬ 
age when dealing with many specimens of similar shape, 
which must be flat at the edges. 

Mounting by casting a fusible material round the 
specimen (using a short piece of tubing as a mould) 
can be clone with alloys such as Wood's metal or 
Babbitt metal, or with non-metallic materials such as 
sulphur, shellac, and dental-cement. Unalloyed lead 
is not, as a rule, suitable as a mounting medium because 
of its property of "smearing" during grinding. Wood's 
metal and Babbitt metal also smear, though to a less 
degree than lead. Shellac should only be used for hard 
metals because any particles detached during grinding 
will easily scratch a soft surface. 

Electroplating is resorted to more rarely because the 
deposition takes up ^Valuable time. The method is, 
however, invaluable in certain cases. For iron, the 
process consists of a preliminary copper-plating in a 
cyanide bath until the surface is thoroughly coated 
with a layer of the latter metal; the deposition is then 
continued in an acid bath in which it can be carried 
out more rapidly. 

When etching a mounted specimen attention must 
be paid to the extent to which the mounting medium 
can have a disturbing effect on the process. It is safest, 
before etching, to remove any metallic mountings 
which may have been used. From this point of view 
mounting in sulphur is an advantage because it is 
electrically a non-conductor, and also insoluble in the 
majority of etching reagents. 

2~(s6go) 
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Mechanical Preparation oi the Surface. When pre¬ 
paring specimens by mechanical methods it should 
always be bornq in mind that a cold-worked surface, 
in which the metal has “ flowed,” etches in quite a 
different manner from one which is free from mechan¬ 
ical deformation. The idea in preparing the specimen 
should be not only to obtain a smoother and more 
scratch-free surface at the end of each successive opera¬ 
tion, but also to diminish similarly the thickness of the 
cold-worked layer on the surface. Only when this layer 
is so thin that it is entirely dissolved on etching does the 
true structure of the material appear. 

Working with Cutting Tools. The surface of the speci¬ 
men is worked first with a cutting tool, provided that 
no difficulties arise owing to hardness. Large surfaces 
for macroscopic examination are prepared by planing, 
turning, or milling. The surface so obtained is often 
sufficiently fine for the subsequent examination, especi¬ 
ally if a sharp tool and a fine feed is used for the last 
cut. Smaller specimens which will subsequently be 
ground by hand, are preferably worked with a file, 
even if they have been previously planed by machinery. 
In this case the file is firmly fixed, and the specimen 
moved about on its surface. Second-cut files are par¬ 
ticularly well adapted for this purpose, since the cut is 
such that the specimen does not tend to slip off during 
filing. The file should be first rubbed over with a piece of 
chalk to prevent the filings from sticking in the grooves. 

For the softer metals, lead, tin, aluminium, copper, 
etc., preparation in powerful microtomes has recently 
come into use (Lucas, and others). By using these 
machines with properly set special knives, not only is 
the extremely difficult and tedious grinding of such 
materials rendered superfluous, but a better result is 
also obtained. 

Grinding. Large surfaces can, with advantage, be 
ground mechanically in plane-grinding machines. If 
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it is performed with adequate care, this method also 
provides a labour-saving preliminary preparation for 
small specimens of hard material. For abnormally 
large microsections it is the only one which can bo 
economically used if a perfectly satisfactory specimen 
is required. In all machine grinding with rapidly 
rotating emery wheels heating must be avoided as far 
as possible. (Use light pressure, a suitable wheel, and 
liquid cooling.) 

As regards the treatment of the specimens with 
emery-paper, etc., it must be emphasized that the 
condition for obtaining really good surfaces is to keep 
cold-working down to a minimum. When using a 
particular grade of the grinding material., therefore, it 
is essential not only to grind until the scratches due to 
the preceding coarser grade have disappeared, but also 
until the cold-worked layer produced thereby has been 
removed. This layer can, in the case of soft iron at 
least, be considered to be approximately equal in depth 
to the diameter of a grain of the grinding material 
which is being used. With a particular grade, there¬ 
fore, it seems rational, having removed the scratches 
due to the preceding operation, to continue the grinding 
for as long a time again as was required to reach the 
latter stage. 

Polishing. The final stage in the mechanical treat¬ 
ment of the surface of the specimen, that is, polishing, 
should, in the case of iron and steel and alloys of similar 
mechanical properties, not take more than live minutes 
at the most—assuming that it is done in the usual 
manner with purified alumina on a rotating cloth - 
covered disc. If the polishing takes longer, then the 
previous grinding has been done incorrectly, and a 
good surface cannot be obtained. 

As far as the soft metals and alloys are concerned 
polishing often presents great difficulties, chiefly on 
account of their great tendency to "flow.'’ These 
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materials are usually polished with preeipitatect mag¬ 
nesia and distilled water on thin cloth. To he suitable 
for use the magnesia must have a line grain-size, and not 
contain any agglomerated particles. An excellent test 
is as follows: a little magnesia is placed on the tongue 
from the point of a knife, and if, on gently rubbing 
the tongue against the roof of the mouth, the powder is 
felt to disappear rapidly and completely, the latter is 
suitable for use as a polishing medium.' 

When polishing with magnesia the dry powder is 
sprinkled on the previously moistened cloth. A few 
more drops of water are added, and the magnesia then 
spread out over the cloth with the lingers. Any hard 
agglomerated particles felt during the process are 
removed. The polishing is done either entirely by hand 
or on a slowly rotating disc. The final polish is carried 
out on a well-washed cloth almost free from magnesia. 
Distilled, or well-boiled, water must be used because 
MgO easily combines with the carbonic, acid in ordinary 
tap-water. The resulting magnesium carbonate forms 
large crystalline particles which produce deep scratches 
in the specimen. For the same reason the polishing- 
cloth must be carefully washed Out. immediately after 
use. It does no harm to wash it occasionally with 
a dilute solution of hydrochloric acid, containing 1-3 
per cent HC1. 

Etching the Specimen During Grinding. When it is a 
matter of considerable difficulty to obtain a surface 
reasonably free from cold-working, fairly deep etching 
with subsequent fine grinding or polishing is often of 
great help. The method is recommended by several 
authors (Archer, Bolton, and others). 

Cleaning thfe Specimen After Polishing. After polish- 
ing, the specimen must be carefully cleaned from 
adhering polishing medium, and this is generally car¬ 
ried out in running water. The washing should be done 

1 Recommended by F. F. Lucas, New York 
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as soon as possible after polishing, otherwise the surface 
has time to dry partially with the result that the polish¬ 
ing powder can only be removed with difficulty. After 
washing in water the specimen is, as a rule, rinsed witii 
alcohol (dropped on the surface) and then, if the nature 
of the reagent to be used so permits, etched immediately 
without allowing the surface to dry. If a large number 
of specimens are being prepared for examination to¬ 
gether, then, to save time, those already polished and 
washed can be conveniently stored for an hour or two 
under alcohol (preferably absolute) in a covered dish. 
In the majority of cases this process gives better results 
than if the specimens are dried before etching because, 
in the latter case, the surface has time to become 
slightly oxidized or to occlude gases, with the result 
that the etching is impaired. In this connection, how¬ 
ever, it may be mentioned that in a few cases, to which 
attention will be drawn later, etching should definitely 
not be carried out immediately after polishing. 

On those occasions when the specimen has to be dried, 
this is done most simply if the specimen is washed 
quickly in running water, rinsed with a few drops of 
alcohol, and dried in warm air supplied, for example, 
from a hairdresser’s fan. More efficient drying is 
achieved by the use of hot water and compressed air, 
e.g. from a cylinder. Of course, the specimen can also 
be dried with soft cloth, preferably linen, or chamois 
leather. Great attention should, however, be paid to 
the cleanliness of these materials, as otherwise they 
may easily do harm. The chamois leather should be 
washed with benzene or something similar before use, 
because the commercial article contains considerable 
amounts of grease. 

The Purpose of Etching. In general a well ground and 
polished metal surface shows no trace of its structure 
because all incident light is reflected (or absorbed, as 
the case may be) in the same way over the whole of 
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the polished area. Exceptions arc provided, however, 
by those alloys which contain differently coloured 
phases, such as, for example, the alloys of copper and 
bismuth, of copper and copper oxide, or of aluminium 
and iron. 

Etching is used to render visible the chemically or 
physically distinct parts, and its object is to produce, 
in one way or another, a more or less increased optical 
contrast between the various structural components. 
This is made possible by selective attack, or selective 
colouring, of the surface of the specimen. Both these 
etching effects often occur together. 

A certain kind of “relief-effect " is obtained by purely 
physico-mcchanical means- often quite unintentionally 
—when grinding and polishing, owing to the different 
resistances to abrasion of the various constituents. This 
mechanical formation of relief was formerly used to a 
very large extent as a process of “etching.’’ Most of 
the etching methods now list'd, however, are based 
simply and solely upon chemical action on the polished 
metal surface, whether, either a relief or a colour effect 
is desired. 

The Chemistry of Etching. The etching reagents which 
are used in metallographies work are usually dissolved 
in water or ethyl alcohol or in mixtures of these liquids. 
In some cases, which are described subsequently, 
methyl alcohol, amyl alcohol, glycerine and acetone 
have also been proposed as solvents. 

The free energy of the etching reactions, which must 
be regarded as ultimately determining tin* etching 
effect, is a function of the solvent, as the solution is not 
saturated with respect to all components. This func¬ 
tion is, however, rather hard to define. An important 
factor is the velocity of the reaction, and this depends 
on the degree of dissociation of the reagent, and hence 
on the electrical conductivity of the solution, and also 
on the viscosity which, in turn, determines the rate of 
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diffusion. It is, therefore, obvious that nitric acid, for 
example, will have quite different etching actions 
according as it is dissolved in water, ethyl alcohol, or 
amyl alcohol. The water-content of the alcoholic solm 
tions is, therefore, of great importance. 1 

From a practical standpoint it should be noted that 
an aqueous solution wets a metallic surface much more 
unevenly than one in alcohol. This must primarily 
be due to the latter’s property of dissolving grease. 
It is, therefore, easier to obtain even etching with 
alcoholic solutions. 2 

Acids are often used in etching reagents. Of these 
only HC 1 , HF, and H 2 S 0 4 really behave as acids, that 
is to say, according to a reaction represented by— 

Fe + 2H' —> Fe" + H 2 

which is due entirely to the presence of hydrogen-ions. 
The other acids employed have practically the prop¬ 
erties of oxidizing agents. HNO ;) dissolves Cu, for 
example, in the following way— 

3 Cu + 8 H‘ + 2 NO/ 3 Cu" + 4 H 2 0 + 2 NO 
Chromic acid and picric acid behave similarly, as also 
does strong sulphuric acid at high temperatures. 

Dilute solutions of HC 1 or I 1 2 S 0 4 do not, as is well 
known, attack Cu, with the evolution of hydrogen, but 
if some oxidizing agent, such as H 2 0 2 or (NH 4 ) 2 S 2 O s , 
is added, the Cu is dissolved thus-— 

Cu+ 2 H'+ H a O* -> Cu"+ 2 H 2 0 

Even the oxygen of the air can be employed as the 
oxidizing agent, but then the reaction proceeds slowly. 

1 This is well illustrated in an investigation by Benedicks and Soderholm (2). 
A slightly dissociated solution of 0*1 per cent HNO., in absolute alcohol causes 
the formation of an oxidized film which is partly' protective :\gainst attack. 
On the other hand, with the more dissociated aqueous solution of the same 
strength nothing of the kind appears. 

2 Solutions in alcohol also have an advantage in that, because of their 
lower dissociation, they can be made considerably more concentrated than 
aqueous solutions without becoming too powerful in their action. Hence the 
same etching effect is obtained with a given portion of an alcoholic solution 
in spite of its being used many times, whereas a similar portion of the corre¬ 
sponding aqueous solution is very quickly spent. (See previous note.) 
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A solution of (Nil,,)- S...()„ has a solvent action wen 
without the addition of acid 

Cu t- S,<>«" - Cu” i 2 SO," 

In some cases alkaline solutions arc used lor etching. 
Certain metals such as Al, Sn, or Zn, whose lowest 
oxides form amphoteric electrolytes, can be dissolved 
in these solutions with the evolution of hydrogen, while 
the metal itself forms anions. 

2 Al | b OH' - ■> Alt V" { j II, 

The solution of Cu in ammonia is of quite another 
kind. Cu does not dissolve unless some oxidizing agent 
is present. Oxygen from the air is sufficient but, usually, 
H 2 0 2 is added, and the reaction then proceeds thus. 

Cu+ 4 NH s -|~ 2 H* 1- 11,0, -Cu (Nil,)," | 2 11,0 

That is, the copper forms cations and not anions. 
The oxidizing agents mentioned above all have a 
relatively high reaction potential and, furthermore, 
have the property of evolving oxygen directly. Hence, 
when used in the etching of chromium alloys, for ex¬ 
ample, they easily produce passivity. Now the oxida¬ 
tion of a metal really consists of each atom losing one 
or more electrons, and may be represented thus 
Fe Fe" 2 . - 

If this is carried out by making the metal the anode 
in a suitable electrolyte, the reaction potential can be 
perfectly controlled by varying the current density. 

Fe Cl 3 is often used as a weak oxidizing agent. When 
etching Cu, for instance, the reaction is of the type— 
Cu +2 Fe'" -> Cu"d- 2 Fe" 

It proceeds without alteration of the. acidity of the 
liquid, and hence hydrogen ions do not enter into the 
equation. At the same time, however, the concentra¬ 
tion of Cl-ions will have some influence, owing to the 
formation of complex ions of CuCl„'. [The solution 



GENERAL CONSIDERATIONS 


15 


should, of course, be slightly acid to prevent hydrolysis 
of the Fe Cl..] 

CuCl 3 also behaves in much the same way as Fe Cl 3 . 
In the etching of iron the reaction is represented by— 

Fe+ Cu” -> Fe"+ Cu 

That is, Cu is precipitated on the iron. If, however, 
HC 1 is added in sufficient quantity the deposition of Cu 
is prevented, and the reaction then proceeds thus— 

Fe + 2 Cu" Fe"+2 Cu‘. 

Since hydrogen ions do not enter into the reaction 
the acidity of the solution should not influence the 
equilibrium, but here again the Cl-ion concentration 
will have an effect. Cu-ions can form complex groups 
according to the equation— 

Cu'+ 3 Cl' -> Cu Cl/ 

and in this case the equilibrium is displaced much 
further to the right than in the reaction— 

Cu"+ 3 Cl'-> Cu Cl/. 

Therefore, for solutions with a high concentration of 
chlorine ions the equation for the etching reaction 
should be written— 

Fe+ 2 Cu”+ 6 Cl' -> Fe"+ 2 Cu Cl/'. 

In this discussion only aqueous solutions have been 
considered, but in practical work with copper-contain¬ 
ing etching reagents, mixtures of alcohol and water 
are usually employed as solvents. These will have a 
marked effect on the dissociation constants, but in 
point of principle the reactions remain the same. 

Besides the oxidizing agents mentioned above, free 
halogens can also be employed occasionally as etching 
reagents. Iodine may be used in alcohol, or in an 
aqueous solution of KI. Bromine and chlorine can be 
used in solution in water or alcohol. The solutions 
need not be acidified (unless with the ultimate object 
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of preventing the precipitation of basic salts) The 
equations for the reactions are of the type 


2 Fe -I 


2 IV” 1 <) V 


As regards electrolytic etching it may la* pointed out 
that, as long as the reaction at the anode implies only 
the charging and detaching of the metal atoms as ions, 
the nature of the electrolyte will have no sensible influ¬ 
ence provided that its conductivity is sufficiently high. 
The nature of the anions decides the maximum voltage 
at the anode, and will also be of importance if any 
secondary reactions occur there. On the other hand 
the nature of the cations should he of no consequence’ 
hence it is difficult to explain, say. the effect which in 
some cases is ascribed to the addition of Fe (1.,. 

The hydrogen-ion concentration of the solution, how¬ 
ever, exerts some influence because the reaction at the 
cathode frequently tends to make the solution less acid. 

Grain-contrast and Grain-boundary Etching. When the 
specimen consists of more than one phase, the various 
phases are generally attacked with different intensi¬ 
ties. The more strongly attacked areas usually become 
rougher and, therefore, appear darker, and' in some 
cases it may happen that one phase is coloured by 
the products resulting from the reaction. 

On the other hand, when the alloy consists of only 
one phase the various grains will, after etching, usually 
appear to be of different degrees of brightness. In most 
cases this is due to the formation of pits bounded by 
surfaces which approximate to pianos with simple 
crystallographic indices, 1 i.e. the so-called etch-figures 
long known to mineralogists. Since the "facets” so 
formed are arranged in parallel groups in each crystal, 
the light will be reflected in the same way ’ from 
each surface element belonging to the same crystal, 
in a neighbouring gram, where the crystal axes have 

1 J. A. Ewing and W. Rosenhain. Phil. Tram. Roy. Soc. {A). iH w . 1 U 3 , 352. 
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another direction, the light will be reflected in a different 
manner. The roughening of the surface may be so 
slight that it is hardly noticeable, even at the highest 
magnifications. The most striking feature in this kind 
of grain-contrast etching is that the relative brightness 
of the grains is dependent in the highest degree on the 
direction of the incident light. 

If the etching is carried out in such a way that the 
etch figures become sufficiently large to be studied 



Fig. 1. “ Crystal Figure " Etching of Copper 
Etched with 10% ammonium persulphate, x 200. (Czoehralski.) 

individually, the process may be described as ‘' crystal 
figure etching” (Czochralski). An example is given in 
Fig. x. 

The orientation of the crystal axes within the grain 
determines not only the shape of the etch figures but 
also the speed with which solution occurs. A typical 
example occurs in the etching of pure iron with picric 
acid. The specimen remains tolerably bright, but a 
network of lines becomes visible. Subsequent etching 
with ammonium persulphate shows that these lines 
which become visible the earliest are the grain bound¬ 
aries. A critical examination at high magnification 
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with oblique illumination shows that the appearance 
of grain-boundaries is due to differences of level Ik* tween ) 
the various grains. 

This variation in speed of reaction can also produce 
a difference of colour from grain to grain if. as a result 
of the etching action, coloured and more or less insol¬ 
uble products arc formed, litis is probably the case 
when etching soft iron with nitric arid in amyl alcohol. 
In this way a grain-contrast etching is obtained which 
is of a different type from the one mentioned above. 

The grain-boundaries can also be made visible in 
another way which occurs when, as in most cases, the 
attack of the etching reagent is most rapid at the edges 
of the grains, themselves, thus forming a deep channel 
between them. An appropriate example can bo ob¬ 
tained by etching soft iron with nitric acid in ethyl 
alcohol. 

The characteristic of grain-contrast and grain¬ 
boundary etching is that the result is governed by the 
directions of the crystal axes within the various grains. 

Primary Etching. On account of the phenomenon of 
segregation which accompanies solidification, some dif¬ 
ference in chemical composition nearly always occurs 
between the first and last portions of an alloy to freeze, 
With a suitable etching reagent this chemical hetero¬ 
geneity can be made visible, even in those cases where i 
only one phase occurs, such as in copper-rich, brass or; 
bronze, or in iron with a moderate percentage of 
phosphorus. 

The chemical heterogeneity caused by the process of' 
solidification should not, of course, be confused with 
the heterogeneity caused by subsequent polymorphic 
changes. 

By subsequent treatment it is certainly possible to; 
level up the differences somewhat, but they can seldom; 
be entirely eliminated. Hence, by investigating thesf 
heterogeneities it is possible to get an idea of th» 
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general distribution of the crystals formed on solidi¬ 
fication, even if the crystal grains actually existing in 
the specimen have entirely different orientations as a 
result of polymorphic transformations or recrystalliza¬ 
tion. 

For this reason Oberhoffer (3) 1 has denoted by the 
term "primary etching” an etching which brings out 
the chemical heterogeneity. (See Fig. 2). 

This term is now in common use, but the analogous 



Fig. 2. Primary Etching 

Cast crucible stool, containing 0*35% C, 3*35% Ni, 0*75% Cr, 0-09% P, 

Oberhoffer’s (itching' reagent. X 10. 

expression "secondary etching," also proposed by 
Oberhoffer to include grain-contrast and grain-bound- 
ary etching, is not so satisfactory as it assumes that 
some transformation or recrystallization has taken 
place. 

As a rule an etching reagent does not produce only 
a grain-contrast (or boundary) etching, or only a primary 
etching, but tends to give both effects together. How¬ 
ever, by choosing a suitable reagent one or the other 
type of etching can be caused to preponderate. 

1 This and similar numbers in the text refer to the appropriate entries in 
the bibliography under the author's name quoted. 
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Some Factors Influencing the Result of Etching. I h‘sides the 

chemical natures of the specimen and of the reagent, the ■ 
other factors which exert an inihienee on the result of 
etching arc the mechanical condition of the surface of 
the specimen, the time of etching, the temperatures of 
the reagent and the specimen, and the agitation of the 
reagent during etching. 

It has already been pointed out that the cold working 
of a metal affects its properties to a very great extent. 
With increasing degrees of cold working the direct 
reflection of light after normal etching becomes less 
and less, and is replaced ultimately by a diffuse reflec¬ 
tion which is independent of the direction of the 
incident light. 

A metal surface in the condition in which etching 
develops only a general matt appearance does not 
show any grain structure; only constituents differing 
in their chemical compositions can be seen, e.g. eemen- 
tite and ferrite in severely cold-rolled steel. 

In the case of soft materials, in which a slightly cold- 
worked surface can hardly he avoided when preparing 
the specimen, it is sometimes advisable to heat the 
latter slightly so that the strains present in the surface 
layer may have an opportunity of being released. Of 
course, this heating must be done with due care, so 
that the structure of the specimen itself is not altered. 
Thus, when preparing specimens of soft iron, 1 the 
subsequent appearance on etching of "latent ” grinding 
scratches can be partly prevented if the specimen, after 
treatment in the ordinary way, is warmed up in an 
oil-bath to 200-300° C. for an hour or two, and subse¬ 
quently subjected to a light but thorough repolishing. 
To a certain extent the same effect may be obtained by 
storing the specimen for some considerable time after 
finishing on the polishing wheel. 

As regards the effects of time and temperature on 

1 Author’s investigation at the Bureau of Standards. 
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etching, Loskiewicz has made a number of investiga¬ 
tions on the influence of these factors in the etching of 
carbon steel in nitric and picric acids. The time was 
measured up to the point when the lamellar structure 
of the pearlite, and the grain boundaries of the ferrite 

-~ A Jc. Nitrie Acid, 

-- -A/c, E/cric Acid. 

10% Nitric Acid. 



Fro. 3. The Effect of Thmpkratijre on the Etching 
Time of Pkaktjte in 0-30 per cent Carbon Steel 
(Loskiewioss) 


could be observed clearly and simultaneously, while 
the surfaces of the ferrite grains remained practically 
unattacked. 

The time interval required to obtain the best etch 
at a definite temperature was found to vary in magni¬ 
tude with the concentration of the reagent. In the case 
of a material containing 0-3 per cent carbon, the interval 
had its greatest values for 5 per cent nitric acid, and 
J-saturated picric acid, both in ethyl alcohol. The time 
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in which a. good etch is obtained is 15 .5" seconds for, 
nitric acid, and 80 125 seconds tor |>ieric acid. Fig. 3 
shows the relation of the etching time to the concentra¬ 
tion and temperature of the reagent. (Only the lines 
through, the average values are shown.) I he time of 
etching is approximately a linear timet ion of the tem¬ 
perature* of the reagent. At 15 etching lakes almost 
twice as long as at J5 <\ 

As regards Loskiewirz' results it may be mentioned 
that the etching effect of nitric acid depends on the 
temperature to a much greater extent than appears 
from the above. At low temperatures nitric acid 
behaves purely as a solvent, and gives grain boundary 
etching, but at elevated temperatures it acts as an 
oxidizer and produces grain-contrast etching. The 
transition temperature between these two modes of 
action lies at ordinary room temperature (</. page 84). 

Agitation of the reagent during etching considerably 
affects the speed of the process, and sometimes even the 
result. Thus, when etching with alcoholic picric acid, 
it will be observed that, in the absence of agitation, the 
surface of the specimen is soon darkened by a layer of 
more or less insoluble products which retard the 
attack. By moving the specimen about during etching 
these reaction products are removed, so that the surface 
is kept cleaner and the process proceeds more rapidly, 

Etching Dishes and Specimen Holders. It is preferable 
to use glass or porcelain dishes as containers for 
reagents during etching. Crystallizing dishes with 
overhanging covers are probably the most useful 
When macro-etching large specimens a paraffined 
wooden trough is often employed. 

In the case of hydrofluoric acid and its solutions the 
bottoms of the paraffin flasks in which the acid is 
usually sold can be used with advantage. Paraffined 
glass dishes may also be employed and, of course*, the 
graduated vessel for measuring out the strong acid 
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should be suitably waxed. Very dilute solutions of 
hydrofluoric acid can be used in ordinary glass vessels 
without any trouble, but, in such cases, the solutions 
should be freshly prepared for use. 

Metal dishes of platinum, etc., should be used with 
care because of the possibility of electrolytic action. 
Boxes made of folded lead sheets make excellent con¬ 
tainers when etching large specimens with hydro¬ 
fluoric or sulphuric acid. 

During etching the specimen is held either with 
rubber-gloved lingers or with an instrument made 
preferably of some electrically insulating material such 
as wood, ebonite, rubber, or porcelain. Cheap and 
simple tweezers can be easily made from wood. (Clothes 
pegs are sometimes very useful in this connection.) 
Metal pincers and tongs can be used in the majority of 
cases without inconvenience, but care must be taken 
that no local elements are set up to disturb the etching. 
It is for this reason that a specimen has often to be 
removed from the metal in which it has been mounted 
for grinding and polishing. 

Crucible tongs made of nickel-chrome are excellent 
for use when etching. 

Etching by Immersion. The simplest and commonest 
method of etching is by immersion. A quantity of the 
etching solution is poured into a dish suited to the size 
of the specimen, and the latter, by means of a holder, 
put in with the polished surface uppermost and so 
that it is entirely covered by the solution. In most 
cases it is desirable to keep the liquid in motion during 
etching, so as to prevent the occurrence of local varia¬ 
tions in concentration which may cause changes in the 
normal working of the reagent. This can be done by 
allowing the specimen to rest on the bottom of the 
dish while imparting a rocking or swirling motion to 
the whole, or by moving the specimen about with 
the holder in the stationary dish. Occasionally it may 

3—(5690) 
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be advisable to 1ft the spi-rimen rest <m the Iu)ttom o! 
the dish and, during tin 1 etching period, to 1 trash over 1 
the surface with a soft hair brush nr with rotton-wool 
which has been wrappe-d tirmly round the end of a 
wooden stick. The so called "orange sticks” (obtain¬ 
able from chemists) are very convenient for this pur¬ 
pose. Brushing is particularly useful when dealing 
with an etching reagent which deposits more or less 
insoluble products of the reaction on the metal con¬ 
cerned. As mentioned previously, an example of this 
occurs in the etching of iron with an alcoholic solution 
of picric acid. 

Drop by Drop Etching. In this method the polished 
surface of the specimen is held in an horizontal position 
and as much of the solution as it can hold by surface 
tension is dropped on to it most conveniently from 
a dropping bottle. 'This method lias the advantage oi 
requiring only small quantities of etching liquid, but 
it is only suitable for those cases in whieii the time of 
etching is short. The condition for the method to be 
successful is that the specimen must be completely and 
thoroughly dried before the solution is dropped on to it, 

Wash Etching. This method is often used for micro- 
sections when a suitable etching dish is not available, 
and the drop-by-drop method does not give a satis-! 
factory result. | 

The surface is held upwards, slightly inclined, and; 
the etching solution is supplied to the highest edge from 
a dropping bottle, and allowed to wash down over the * 
surface. | 

The process is sometimes used on a large scale when;' 
macro-etching ingot sections, for example, for which' 
no satisfactory container can be found, or when it is;; 
desired to confine the attack to the ground surface only. 

Etching by Dipping. A combination of the three fore*; 
going methods results in one which may be calle| 
etching by dipping (recommended by Gat). 
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The specimen is held in tongs with the polished 
surface downwards, and dipped just beneath the surface 
of the etching liquid contained in a dish. Then, after 
remaining there only a relatively short time, it is lifted 
out and the tongs reversed so that the surface becomes 
uppermost. The latter is watched, and the process is 
repeated if necessary until a satisfactory etch is ob¬ 
tained. In this method, as in the previous one, the 
oxygen of the air has a good opportunity of taking 
part, and this is sometimes important as regards the 
etching effect. 

Etching by Swabbing. In this process the surface of 
the specimen is rubbed more or less vigorously with a 
wad of cotton-wool which has been soaked in the 
etching solution and lightly squeezed out. The correct 
pressure to apply depends on the purpose of the rubbing 
and on the possibility of the surface being damaged by 
scratches. This procedure is used fairly often when the 
etching reagent tends to develop on the surface of the 
specimen some kind of adhesive film which has to be 
removed in order to obtain a uniformly progressing 
attack. If the film which is formed adheres tightly 
greater pressure is, of course, required than if it remains 
loose. When necessary the wad of wool is again 
saturated with the solution. In this method of etch¬ 
ing the oxygen of the air sometimes plays a definite 
part. 

Polish Attack. Osmond's method of polish attack is 
really a more intense form of swabbing, except that the 
air has less opportunity to act on the surface. A con¬ 
venient amount of the etching medium is spread on 
cloth, rubber, or saturated parchment, and the specimen 
given a second polishing on it, preferably by hand. 
The result is a combined etching and relief-polishing 
effect. 

The more elastic is the support, the more pronounced 
is the relief effect. 
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Relief Polishing. Relief polishing, which was also 
introduced by Osmond, is carried out like the above 
process on an elastic support but instead of an etching 
reagent only water is used, together with a suitable 
polishing medium, such as rouge. 

Electrolytic Etching. Electrolytic etching to develop 
the structure by anodic solution was probably tirst used 
by Le Chatelier in iHpb. 

The method is particularly useful for those metals 
and alloys, such as high-alloy steels, nickel chrome 
alloys, stellite, etc., which have a special resistance to 
attack by chemical reagents. Metals and alloys which 
easily become passive on anodic treatment must 
generally be activated first by means of a relatively 
powerful cathodic treatment. 

For "electrolytic etching it is most convenient to use 
a platinum dish as the electrolyzing- vessel, The speci¬ 
men, with the polished surface upwards, is placed 
inside and in metallic contact with the dish which is 
connected to the positive pole of the current supply. 
The cathode is made from a piece of platinum foil or 
a bent platinum wire. 

If a platinum dish is not available, one of glass can, 
of course, be used instead. In this ease the specimen 
is placed on a piece of platinum foil, which is bent 
to an angle and connected to the positive supply as 
before. 

When electrolytic etching is only’ employed occa¬ 
sionally it is possible to obtain satisfactory results with¬ 
out platinum electrodes, it only being necessary to 
ensure, as far as possible, that relatively insoluble 
electrodes are used as, otherwise, secondary reactions 
may have a disturbing effect on the result of the etching. 
For example, the specimen may be lowered into the 
electrolyte on a bent piece of lead sheet, provided with 
a lead wire to act both as a holder and as a conductor 
for the current, or, better still, held in a pair of nickel- 
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chrome crucible tongs connected to the current supply. 
Graphite, in the form of arc-lamp carbon, makes a very 
good cathode, but, if necessary, a piece of sheet lead 
can be used. 

As a general rule, in electrolytic etching, the .speci¬ 
men should be made electrically “ alive” before lowering 
it into the etching reagent, because in this way a more 
even attack is obtained, and in some cases passivity 
is prevented. 

The supply of current is best obtained from an accu¬ 
mulator with an E.M.F. of about 4 volts, but for occa¬ 
sional use an ordinary dry battery is generally sufficient. 
If direct current is available on the mains, the current 
can be tapped off potentiometrically (care being taken, 
of course, that this is done from the “earthed” side of 
the line). In most cases, however, electrolytic etching 
can be carried out quite successfully by coupling 
through the necessary series resistance (e.g. glow lamps) 
direct on to the D.C. mains, but then the holder for the 
“live” specimen must be provided with an insulated 
handle so that the specimen can be lowered into the 
electrolyte without danger of shock to the operator. 

In permanent installations for electrolytic etching 
the electrical circuit should be provided with a fine 
regulating resistance and an ammeter for current 
strengths of o-ooi-i amp. 

According to the A.S.T.M., electrolytic etching can 
be performed in an extremely simple way as follows. 

The specimen, connected to the positive current sup¬ 
ply, is set with the polished surface horizontal and 
upwards. On to the latter is poured as much of the 
electrolyte as it will retain, and into this is dipped the 
cathode, which is made of a bent piece of platinum 
wire. To obtain an even attack, the wire is moved 
about during the whole time of etching. The method is 
rather crude, but very easy, and usually succeeds quite 
well. 
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XIus following is another nu*tIn«1 of elect mlytic 
etching which, according to the same authority, gives 
results considerably superior to tin* older processes in 
which the specimen is entirely immersed in the elec¬ 
trolyte. . 

The specimen, with the polished surface horizontal 
and downwards, is placed in an adjustable holder which 
is connected to the current supply. Tim vessel contain¬ 
ing the electrolyte in which the cathode is immersed 
is placed under the specimen. The latter is now lowered 
just far enough definitely to wet the surface, and then 
immediately raised as high as the surface tension will 
permit without loss oi contact with the electrolyte, A 
metal spring-clamp can be conveniently used as a holder 
for the specimen. 

The solutions most commonly employed as electro¬ 
lytes are 10 per cent ammonium chloride or sulphate, 
0*5 per cent caustic soda, 1 per cent hydrochloric or 
sulphuric acid, etc. 

According to Velguth nickelchrome can he etched 
satisfactorily by electrolysis it it is first treated 
as the cathode in a 10 percent solution of sodium 
hyposulphite, and immediately afterwards as the 
anode in xo per cent hydrochloric acid. (See page 
142.) 

This method is probably applicable to a, number of 
materials, such as iron-chromium alloys, which easily 
become passive. 

Heat Tinting. When oxidation begins on a polished 
metal surface which is being heated, there appear the 
so-called-‘'temper-colours” (heat-tints) which arc 1 due 
to the interference of light in the thin oxide film, and 
which, from their nature, correspond to the colours of 
Newton’s rings. 

The temper colours vary with the thickness of the 
oxide film. 

According to Reiser the following are the eorre- 
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sponding temperatures and temper-colours for polished 
steel— 


Palo yellow 

d 

0 

0 

0 

6 

Violet 


2S5 0 

Dark yellow 

. 240° 

Cornth )wer 

blue 

2 95 0 

Yellowish brown 

• - 55 J 

Pale blue 


3 1 5 ° 

Brownish red . 

. 265° 

Grey 


33 o° 

Purple red 

. 275 0 




On heating at a constant temperature, however, the 
length of time at that temperature is of great impor¬ 
tance. Thus, at a tempering temperature of 230° C. 
a steel specimen shows the following colours— 

After 15 min. . . . . Pale yellow 

„ 30 „ .... Red ' 

45 . . . . Blue 

„ do ,, .... Pale blue 

If a material is composed of several structural con¬ 
stituents which have different susceptibilities to oxi¬ 
dation, they can be differentiated by tempering. 

TABUS I 

Heat Tints at Temperatures Steadily Rising from 
2oo' J to 400° C. (Stead) 


Pearl it 0 
o-6% P, 
o- 75 % C. 

Ferrite 

Cement ite 

Iron 

Phosphide 

Manganese 

Sulphide 

White 

White 

White 

White, tinted 

Pale lavender 

Very pale 
yellow 



yellow 

blue 

V ; 

Yellow 

Very pale 


'' 


Yellow 

yellow 

Very pate 



brown 

Yellow 

yellow 


>> 

Brown 

Yellow brown 

” 

,, 

9 } 

** 

** 

n 

Very pale 


Purple rod 

Brown 

Yellow 

yellow 

Pale yellow 

,, 

Purple red 

Yellow brown 

>> 

Blue 


I’ale yellow 


j 1 

Blue 

.Brown 

Yellow 


Pale blue 

> t 

n 

Salmon 


>1 

Pale blue 

Red brown 

Heliotrope 

Brownish white 

,, 

,» 

Purple red 

Greenish 


Pale pea-green 

>, 

Yellow 

>> 

Pale pea-green 

.Blue 

>> 


Pale yellow 

Pale yellow 


— 

_ : 

White 

White 


— 

— 
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i min. Very light 
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4 min. Yellow 
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White yellow 

Very light 
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Darker yellow ■, 
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Pearl ite 
o-6% P, 
075 % 

Ferrite 

Cement he 

Iron 

f 4 a isphkle 




Brownish 


i min. 

Brown 

Yellow 

yellow 

White 

2 min. 

Purplish 

Reddish brown 



3 min. 

Dark purpl 

1 Brown 



4 min. 

Blue 

Purple ; 

,, 

V«*i v light yellow 

6 min. 

» , 

Orange brown 

Light yellow 

ii min. 

> i 

Blue | 

Red brown 

Light salmon 

15 min. 

Light blue 


Burnt sienna 

j »* 

30 min. 

X\aic blue 

Light blue j 

Purple brown 

' Heliotrope blue 


(a) Tkmpkkjnc; at yn>" C. 



Pearlitc 
0*6% P, 
°' 75 % C. 

Ferrite 

Cement ite 

| Iron 

j Phosphide 

1 min. 

Purple red 

Red 

Yellow brown ; 

Very pale yellow 

2 min. 

Dark blue 

Purple red 

Red brown j 

Pale yellow 

3 min. 

4 min. 

5 min. 

*' 

" j 

Pale salmon 


Dark blue 

6 min. 

Pale blue 

Pale blue 

Purple red 

Salmon 

7 min. 

Pale pea-green 

Very pale blue 

Purple 

*» 

8 min. 



9 min. 

Pale yellow 

D 

\\ 

Purple 

10 min. 



>> 

1 leliotrope blue 
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The method appears to have been first used by 
Martens, and subsequently extended by Behrens, and 
Osmond, to alloys as well, as steel, particularly copper 
alloys. Stead (2, 3) used lieat-tinting for identifying 
iron phosphide as a structural constituent in steel. His 
observations are set out in Tables I and II. 

Goerens and Dobbelstein observed that in a number 
of cases the thin oxide film adheres with different degrees 
of closeness to the metallic surface beneath. By careful 
repolishing after heat-tinting, therefore, certain con¬ 
stituents can be made bright so that greater contrast is 
obtained for photomicrography (cf. page 119). 

Specimens which are to be photographed'can, with 
advantage, be lightly etched before heat-tinting, so 
that the boundaries of the constituents arc brought out 
more clearly. 

For heat-tinting to be successful, it is essential for 
the polished surface to be absolutely clean and dry. 
It is, therefore, advisable to give the specimen a pre¬ 
liminary heating to about 120° C., followed by gentle 
rubbing on a warm piece of flannel before the real 
tempering, so that no moisture will subsequently con¬ 
dense on the surface. 

Heat-tinting is most simply performed on a heated 
sheet or plate, but, in order to have a control over the 
temperature to some extent, the process can be carried 
out with the specimen floating in a bath of molten 
metal. Tin is very suitable for the latter. Stead (3) 
used a small electrically heated hot-plate, provided 
with an insulated support, which was placed on the 
stage of a portable microscope, so that the progress of 
the heat-tinting could be closely observed. If the pro¬ 
cess is used to a large; extent as an etching method it 
is as well to fit up an air-oven with a thermostat. 

When the desired temper-colour has been obtained, 
it is often recommended that the process be stopped 
by cooling the specimen in mercury or water, without, 
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however, allowing' the polished Nurture to roine into 
contact with the liquid, otherwise stains will be p ro _ 
duced. But it is, in general, more practical not to use a 
higher temperature than that at which in 15 minutes 
are required to obtain the desired tint as, with this 
slow rate of (itching, it is sufficient, with specimens of 
ordinary size at least, to place them on a cold metal 
support to stop the progress of the tempering. 

An etching method closely related to heat-tinting 
consists of the formation of thin films on the polished 
metal surface; by the use of bromine or iodine vapour, for 
example, or sulphuretted hydrogen. The process, how¬ 
ever, has only a limited practical application. 

Etching Under Fixed Surface Film, with Subsequent Colour 
Reaction. This method, due to Walldow and Benedicks, 
is described by the latter (3) as follows. 

A 4 per cent solution of gelatine is heated to about 
6o° C. and spread in a thin layer over the surface of 
the slightly warmed specimen. ‘ After drying, the gela¬ 
tine is hardened for l 3 minutes in a 3 per rent solution 
of formalin. The specimen thus prepared is etched in 
a dilute acid, usually in alcoholic solution. After one 
or two minutes' etching it is washed in alcohol, and 
then treated with a solution of such a composition 
that characteristic colours are obtained witii the pro¬ 
ducts of the etching reaction which are held in the 
film. 

According to Walldow* a layer of nitrocellulose may 
be used with advantage instead of gelatine. For this 
purpose colourless nitrocellulose lacquer is diluted with 
amyl acetate and applied to the surface of the specimen. 
Alter drying the etching procedure is as before. 

Etching Under Fixed Surface Film, with Simultaneous Colour 
Reaction. This process is usually carried out with a 
solution of gelatine containing the etching reagent and 
the indicator” together. 

* Private communication. 
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The gelatine solution generally used is made up as 
follows: 5 grams of French gelatine are allowed to swell 
for half an hour in 20 c.c. of distilled water, and then 
dissolved by gentle heating on a water-bath. When solu¬ 
tion is complete 10-20 c.c. of glycerine are added. This 
stock solution is rendered fluid for use by gently warm¬ 
ing, and is then mixed with the appropriate chemicals 
dissolved in the least possible quantity of water. If 
chemicals, particularly acids, are added at an earlier 
stage the gelatine may possibly decompose. 

The gelatine reagent, is applied, with, a glass rod 01- 
something similar, to the surface of the slightly warmed, 
specimen, and is spread in a thin layer. I f microscopic 
observations are to be made directly through the gela¬ 
tine film it must be provided with a cover-glass. Under 
these circumstances it should be remembered that 
objectives with a focal distance shorter than about 
16 mm. must be corrected for the cover-glass. When 
the latter is used one drop of the gelatine solution 
may be conveniently applied to the centre of the 
specimen, and the glass then laid upon it. The solu¬ 
tion should be of such a consistency that the lattes- is 
pulled close to the surface of the specimen by 
capillary action. Care should be taken not to have too 
thick a film of gelatine between the specimen and the 
cover-glass. 

In a number of cases the gelatine reagent, after 
etching for a suitable period, may be washed off with 
hot water, and then microsoropic examination cun be 
carried out in the usual way. 

The method is similar to microchemical analysis, and is 
used for identifying sulphide inclusions in iron and steel 
(c/. page 120). 

Etching Under a Removable Surface Film. This method 
makes use of a paper coated with a gelatine emulsion 
of an analytical reagent such as a silver or mercury 
salt, or potassium fcrric.yanidc. 1 he paper is soaked 
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in a dilute solution of a suitable acid, and placed in 
contact with the surface of the specimen. The pro¬ 
ducts formed as a result of the action of the acid react 
locally with the salts present in the surface of the paper, 
thereby producing characteristic colours. 

After detaching from the specimen the paper shows 
the distribution of the substances which gave rise 



to the stains. The 
method is, of course, 
essentially macrosco¬ 
pic (cf. page 68). 

A modification of 
this process has 
recently been pub¬ 
lished by Glazunov. 
In this the paper is 
soaked in a solution 
of an appropriate salt, 
e.g. potassium ferri- 
cyanidc, without the 
addition of acid. The 
wet paper is then laid 
between the surface 
of the specimen and 
another flat metal surface. By means of electrolysis 
(specimen as anode) material is dissolved out from the 
specimen, thus bringing about a colour reaction in the 
paper. 

Etching with Fused Salts. Saniter etched iron and 
steel at annealing temperatures by immersing the 
specimen in calcium chloride kept molten in a platinum 
crucible. This method of etching appears, however, 
to have been very uncertain in its results. 

Etching at High Temperatures in Vacuo or in a Neutral 
Gas. After heating a polished specimen of iron or 
steel in a vacuum or a neutral atmosphere the grain 
boundaries can be seen upon it in the positions they 


Fig. 4 Grain Boundariiss of Iron 
Etched for 2 Hours in Hydrogen 
at 750° C. x 1,000 
(Bureau of Standards) 
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occupied at the high temperature concerned. 1 The 
method has been used by a number of investigators, 
including Kroll, Rawdon and Scott, Hemingway and 
Ensminger, Oberhoffer and Heger, and Rawdon and 
Berglund, but is of minor importance in practice. Fig. 4 
shows an example of this kind of etching. 

Et ching at High Temperatures with a Chemically Active 
Gas. Oberhoffer (1), Baykoff, Wark, and others have 
etched iron and steel by first heating the specimen 
to the desired temperature in vacuo or in a neutral 
gas, such as nitrogen, and then admitting a small 
quantity of hydrochloric acid, lake the previous 
method, this one is probably seldom used. 

Etching by Cathodic Disintegration. Smith reports that 
certain alloys can be etched satisfactorily by cathodic 
disintegration. The specimen is made the cathode in a 
vacuum tube (0-05-0-005 mm. Hg) of which the anode 
is aluminium. The tube is operated at 2,000 7,500 
volts with direct or alternating current for from 15 
seconds to 10 minutes. 

The behaviour of the alloys treated in this way is 
variable. A good etch is obtained in 15 seconds with 
copper-silver alloys, the copper-rich solid solution being 
coloured dark brown. In the cast alloys the primary 
and eutectic constituents appear particularly dearly. 
The criterion for good etching appears to be that the 
alloys must consist of two or more phases with marked 
differences in tlicir ease of sputtering. Single phase 
alloys, accordingly, cannot he etched in this way. 

A copper-zinc alloy containing 28 per cent (’u was 
well etched after ten minutes’ treatment, but the eutec¬ 
tic alloys of cadmium with zinc, lead, or tin could not 
be etched by this method. 

1 According to a private communication from H. Kjerrmim, tim rlrhmu 
effect is probably duo to gases evolved by the steel. 
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Introduction. Tin* macro-etching of iron anti steel, 
whereby the more pronounced differences of a chemical 
or physical nature in the material are brought to light, 
is one of tlur most valuable aids for discovering struc¬ 
tural defects. Unite often such etching shows, to a 
certain extent, tin 1 history of the material right from, 
the ingot to the finished product, It is of special value 
for ascertaining from the appearance of the so-called: 
“fibre structure” the mode of flow of the material if 
hammered or pressed parts. At the same t hue, however, 
the interpretation of the result of macro-etching demands!' 
a certain amount of discrimination. 

The etching reagents used are acids, iodine solutions,; 
ammonium persulphide solution, and neutral or add; 
solutions containing copper. Acids are used to a large 
extent owing to their simple manipulation ami cheap¬ 
ness, the latter being an important point when the con¬ 
trol of material on a large* scale is concerned. The| 
give a good general survey of the condition of the 
material. Iodine solutions have been used in the past 
very considerably, but nowadays they are employed 1 
in exceptional cases only. Ammonium persulphate hab¬ 
its own particular use for etching the surfaces of the 
crystal grains, and for the examination of welded joint 
and seams. Reagents containing copper arc specially 
employed for etching up any possible dendritic stmef 
ture, for indicating phosphorus segregation, and for 
investigating suspected cold-working. 

Preparation of the Specimen for Macro-etching. The follow¬ 
ing may. be added to what has already been state| 
in the introductory chapter regarding the preparation; 

3<3 
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of specimens in general (see Johnson, Keshian, Bureau 
of Standards, and others). 

When preparing a sample ready for macroscopic 
work the condition of the test-surface should be directly 
related to the action of the etching reagent and the 
object of the investigation. Thus, to carry out a pro¬ 
longed deep-etching with strong acid on a finely 
ground specimen is a waste of the time and effort 
expended on the latter because a planed or turned 
surface is usually quite sufficient in such a case. On 
the other hand, a number of the reagents containing 
copper require a carefully ground and polished surface 
to give the best result. As a general rule, the more 
superficial the etching, the more finished must be the 
preparation of the specimen. For example, when the 
chief object is a study of crystal grain size and shape a 
relatively light etching only is employed, so that the 
surface of the specimen must be carefully polished. 

When examining the surface of hardened steel for 
soft spots it is only necessary to grind off carefully any 
existing annealing scale so that a clean metallic surface 
is obtained. 

There are, however, many cases where hardly any 
working-up of the specimen is needed. Thus, for ex¬ 
ample, to detect the presence of pipe in a heavy, rolled 
billet, deep etching direct on a hot-sheared section is 
sufficient. For major segregations and pipe in lighter 
materials it is often feasible to use a section as cut in 
the cold. For discovering surface defects due to rolling, 
etc., a convenient length of the material may be etched 
without any special preparation. This results in the 
dissolving out of any scale which may have been rolled 
into the surface, together with any thin fins of metal 
which may have been formed into seams. But if it is 
intended to make ,a more careful examination of the 
material for segregations, cracks, dendritic structure, 
etc., then a section must be cut and planed or turned. 
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Under certain circumstances it may require grinding 
and, more, rarely , polishing. 

When examining round, rolled material it is often 
advantageous to reduce the diameter in a stair-like 
formation by turning a suitable number of steps on a 
lathe; the last cut for each diameter is made so as to 
obtain the smoothest possible .nurture (Johnson). Any 
fibre structure and slag threads ran, in this way, be 
more easily studied than in an ordinary longitudinal 
section. After a little practice, excess aluminium 
oxide, and slag in general, can be easily observed in 
the unetched line-cut surface owing to their different 
reflecting powers. They appear as long or short lines 
parallel to the direct ion of rolling. 

Cleaning the Surface Before Etching. Having com¬ 
pleted the preparation of the specimen, the surface 
must be suitably cleaned free from grease. Ast (see 
Fremont) recommends a solution of sodium- or potas¬ 
sium-hydroxide in alcohol for this purpose. Alterna¬ 
tively, immediately before etching, the surface can be 
rubbed over with emery paper, or with an otherwise, 
clean rag dipped in a mixture of emery powder and 
spirit, or of French chalk and water, etc. As soon as the 
etching reagent begins its action, a watch is kept for 
the appearance of any stains which might be due to 
residual grease; if these appear the specimen is taken out, 
washed, and again rubbed over with the emery paper 
or cleaning mixture and the etching then continued. 

A Note on Protective Measures. When deep-etching with 
acids, particularly hot acids, means must generally be 
provided for removing the evolved gases, since these 
are formed in considerable quantities, and are un¬ 
healthy, not only in themselves, but also because of the 
extremely small drops of liquid which arc thrown out 
when the bubbles of gas leave the surface. 

Also, it is often advisable to use rubber gloves when 
handling specimens for macro-etching. 



MACRO-ETCHING OF IRON AND STEEL 


39 


Macro-etching with Acids. Etching with acids brings 
out inequalities in the composition as well as in the 
physical condition of the material, so that the result 
can, therefore, be said to be of a general orientating 
character. The effect, depending as it does on the 
strength of the reagent, and on the time of etching, can 
be extremely variable for the same material. According 
to Rawdon (2) it is a general rule that strong acids, 
which etch, in a short time, give better contrasts than 
dilute, which need a longer period. 

The acids which are chiefly concerned are picric, 
nitric, sulphuric, or hydrochloric. They are used 
individually in a wide variety of concentrations in 
alcohol or water, and together in a large number of 
different mixtures. 

Picric Acid. A 3 per cent solution of picric acid in 
ethyl alcohol is frequently used for showing segrega¬ 
tions, etc. The etching is carried out at the ordinary 
temperature for a period of four to five hours. 

“ Hiitte” recommends a solution of 1 gram picric acid 
in 25 c.c. alcohol and 1 drop cone. HC 1 , this solution 
being used hot. 

Stead (5) advocates Le Chatelier’s method of etching 
with a 0-5 per cent aqueous solution of picric acid for 
bringing out unequal distribution of phosphorus. The 
areas which are stained soonest have the highest phos¬ 
phorus content. 

Nitric Acid. A 10-15 per cent solution of nitric acid 
in water or alcohol is generally employed. According 
to Keshian it is very suitable for indicating segregations 
in general. For small local segregations, however, 
nitric acid is of less value. The contrasts are relatively 
weak, and no marked relief effect obtained. 

Leitner successfully used a 5 per cent aqueous or 
alcoholic solution for etching nickel-chrome steel con¬ 
taining approximately o-io per cent C, 0-20 per cent 
Si, 0-30 per cent Mn, 4 per cent Ni, and 0-90 per cent 

4—-(5690) 
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Cr. The tinu* of etching was varied somewhat according' 
to the composition oi the material, hut, as a rule, did! 
not exceed half an hour. During etching the surface! 
of the specimen becomes coated after a few minutes! 
with a brown layer through which dendrites, if anyj 
may subsequently be observed. After a certain period! 
the layer becomes black, and then the etching is con-! 
sidered finished. ; 

In a similar steel, but with a carbon content of 0-30-! 
0-40 per cent, it was not possible to obtain a contrast 
sufficiently strong for photography. If. however, the 
specimen, after (‘leaning, was re-etched for a short time,j 
the grain boundaries were darkened. j 

The Iron and Steel Institute’s Heterogeneity Re-j 
search Committee, in a report on ingot defects, rccom-i 
mends etching with nitric acid when dealing with large; 
surfaces, such as the entire cross-sections of ingots, for; 
example, because it is not always possible to prepare! 
them very well. To remove machining marks most! 
efficiently the etching is commenced with 2 per cent! 
acid, then the concentration is raised gradually to 
between 5 and 8 per cent, and the etching finally com-i 
pleted with 10 per cent add. In this way a moderately! 
deep etch is obtained in a reasonable time, and with 
the greatest elimination of scratches. 

The A.S.T.M. (1) recommends a mixture of 25 per 
cent nitric acid (s.g. 1-92) and 75 per cent water for the 
general development of structure. 

Sulphuric Acid. According to Keshian a hot 10-20J 
per cent aqueous solution is most suitable. It appears! 
to attack selectively the sulphide inclusions in the steel,[ 
but, as regards the macro-structure in general, it gives! 
results inferior to the other acids or mixture's of them. 

For the macroscopic investigation of large specimens,! 
such as cross-sections from billets about 100 mm.] 
square, 10 per cent sulphuric acid in water is used, 1 ) 

1 Communication from a Swedish works. ! 
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and the sections are allowed to remain in this solution for 
about 24 hours. Nearly the same effect is obtained in 
6 hours with a 20 per cent solution. The sections do 
not need to be polished, but only levelled in a lathe or 
planing machine. 

With this method the result obtained corresponds 
to the Baumann print on silver bromide paper, and, in 
fact, where it is used, it is considered to be superior to 
the latter process, since piping, blowholes, and por¬ 
osity are also brought out, and, in certain cases, even the 
primary structure. 

Hydrochloric Acid. Koshkin states that a hot solution 
of x part cone. MCI and 1 part water is very often 
used. The specimen is placed in a porcelain dish 
with the ground surface upwards, and the solution 
poured in so that the section is entirely covered. The 
dish is placed on a hot-plate, and the reagent kept just 
under boiling-point for half to one hour. The specimen 
is taken out by means of tongs, washed in hot water, 
and dried with alcohol. With hydrochloric acid, hetero¬ 
geneities in general arc; brought out very well. 

The undiluted acid is also used to a great extent at a 
temperature of about 100" The time of etching is 
from 10 minutes to half an hour or longer. Harper 
reports obtaining useful information on nickel steels 
containing 3-3-5 per cent Ni with this method when a 
standard size of specimen, and the same etching pro¬ 
cedure, were used throughout. 

For discovering soft spots in the surface of hardened 
steel, the hitter, carefully ground clean, is etched for 
about 5 seconds in cold 50 per cent hydrochloric acid, 
whereupon the soft spots, if any, appear dark coloured. 

Mixtures of Various Acids. Numerous mixtures of 
hydrochloric and sulphuric acids are used for deep 
etching, and they are considered by many to give 
results considerably better than either of the two acids 
alone. 
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Sauveur, according 1 <» tin- A.S.S.T. Handbook, 
recommends a mixture of .5 parts water, z parts cone, 
sulphuric acid, and i part nmr, hydrochloric. When 
making up the reagent the sulphuric, arid is mixed with 
the water first and then, after cooling somewhat, the 
hydrochloric is added. The solution is used at a tem¬ 
perature near the boiling point. The etching period isat 
least half an hour, or until the defects, if any, appear. 
It is used for general development of the structure. 

The A.S.T.M. (i) recommends the following mixture; 
io vols. cone. HO, 30 vols. cone. ll,.S<>,, and <>o vols, 
water. 

In certain places in Germany a suitable pickling 
inhibitor is added to these acid mix!ures, wit h the result 
that a more even attack is obtained, particularly in the 
case of nickel-chrome steels. 

Waring and Hofammann used a combination of 9 
parts HC 1 , 3 parts H s SC).,, and 1 part water, for etching 
rail sections. The etching time was about two hours 
in the nearly boiling solution. 

Keshian recommends as an excellent universal solu¬ 
tion for deep etching: Hydrochloric acid 500 c.c. 
Sulphuric acid 70 c.c. Water i<Hu c.c. When etching 
in the nearly boiling solution, alloy steels and high, 
carbon steels require a period of 1 z hours, anti softer! 
metals J-i hour. 

Interpretation of the Etched Surface (H. G. Keshian). Ir 

macroscopic deep-etching with acids a with' variety of 
results can be obtained from the different steels. The 
specimen may show evidence of seams, cracks, piping, 
or pinholes; it may leave a dense or porous appearance, 
be smooth or rough on the surface, and have a light or 
dark colour; the structure may to a greater or less de¬ 
gree be dendritic; segregations'may appear as strongly 
attacked areas. The question then arises as to how the) 
etched surface is to be interpreted; what indicates a 
good steel, and what a had ? 
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As soon as the material exhibits the more serious 
defects, such as cracks, piping, large slag inclusions, 
pronounced segregations, etc., the material is, of course, 
classed as inferior. Beyond this, however, it is a. diffi¬ 
cult matter to say anything, and the interpretation 
calls for great experience, because a. large number of the 
differences in the result of etching can be ascribed to the 
chemical analysis of the material, and its previous 
mechanical working and heat-treatment. Due con¬ 
sideration must be given to these circumstances. 

Effect of the Composition of the Material. Steels with a 
carbon content of up to about 0-50 pea- cent dissolve 
more rapidly than those with higher carbon. 1 For this 
reason they appear rougher after etching, and less 
dense, and have a darker colour. Alloy steels contain¬ 
ing about 11 per cent, tungsten etch darker, and more 
uniformly, than ordinary carbon steels, and have a 
closer texture. The nickel-chrome steels, and oil¬ 
hardening manganese steels, acquire an appearance 
which is intermediate to the high alloy steels and the 
high carbon steels. High-speed steel always etches 
very dark, and presents a structure which appears the 
densest and smoothest of all. Next in order come the 
heat-resisting chromium steels. Steels containing vana¬ 
dium appear somewhat more dense than the corre¬ 
sponding steels without vanadium, but are very little 
different as regards colour. Wrought-iron is recognized 
by its pronounced fibre-structure. On the other hand, 
ordinary malleable ingot-iron can hardly be distin¬ 
guished from a 0-50 per cent carbon steel, for example. 

Effect of the Quality of the Material. Crucible and electric 
steels etch with a closer texture, and more evenly, than 
acid open-hearth steels. The latter etch somewhat 
darker and acquire a granular appearance. The former 
are difficult to differentiate by deep-etching. 

1 According to Kntlo this is not the case, the rate of solution, on the contrary, 
rising approximately proportionally with the carbon content up to the eutec- 
toid composition. 
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Effect of Mechanical Working. he met liaiiir.il wort 
ing of tin* material ha% a maikin influence un the result! 
of etching. 1 he more thon.ugh the waking, th.-more 
even and smooth is the etteet in the etched cross section 
generally. This can easily he pmved jj originally 
dendritic, billet is roiled down to various smaller dimen¬ 
sions. In this respect, however, e\ecpii<»ns will occur 
in the ease of those materials which have strongly 
marked fibre-structures. Tnmsvei.se sections of such 
materials always have a coarse structure, even if they 
arc satisfactorily worked. 1 hese conditions often occur 
if a dendritic material is roiled down with heavy 
reductions. J 


Effect of the Direction of the Fibre. When etching a section 
at right angles to the direction of the tibres a greater 
rate of solution, and hence a coarser appearance, is 
obtained than when etching a section parallel to them. 
I ransverse sections are, therefore, always darker and 
more porous, than longitudinal. 


Influence of the Temperature of the Etching Solution. The 

temperature of the etciting reagent has a consider¬ 
able influence on the appearance of the etched section. 
At higher temperatures the rate of solution is greater, 
and the material gives a coarser effect. The depend¬ 
ence of the rate of solution on tin* temperature is 
illustrated in the I able on page 45. The specimens con¬ 
sisted of cylinders $ in. in diameter, by 1 in. long. 

Effect of Time of Etching. The length of the etching 
period exerts a marked influence on the result. The 
onger the etching, the coarser is the appearance of the 
surface The time of etching must, therefore, always 
be kept constant in comparative tests, ft should be 
remembered, however, that even a material free from 
defects shows, over its entire surface, a roughness which 
increases uniformly as the etching is prolonged. 

etrSf* °*n Hea * Treatment - Hardened steel has, after 
etching, a dense and smooth surface. A hardened and 
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tempered material etches quite differently from one 
merely hardened. The effect of tempering becomes 
noticeable from 150" C. up to about 400° C. Further 
tempering at up to 650" C. does not bring about airy 
greater change in respect to the (itching. As soon, 
however, as tin; material is fully annealed the etched 
structure becomes coarser. Hardened steel cracks very 
easily on deep-etching, particularly in hot acids. This 
may frequently occur even after tempering at 370° C. 
In general, therefore, hardened steel should be ade¬ 
quately annealed before it is deeply etched. 

Various Macro-structures and Their Significance as Indi¬ 
cators of the Properties of the Material. Five main types 
can be distinguished. 

x. the material exhibits obvious defects in the form 
of actual discontinuities in the metal. 

Such defects as cracks, piping, seams, blowholes, 
slag inclusions, and the presence of unmelted steel 
scrap speak for themselves, and if deep-etching is used 
as a control test, material containing them need never 
pass into service. 

2. Ihe material exhibits distinct segregations. 
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Segregations appear in the etched surface as dark 
patches of various sizes. The nature of the segregation 
cannot be deduced from the appearance of the etching, 
so other methods of investigation, such, as chemical 
analysis or microscopic examinat ion, must also be em¬ 
ployed. Large segregates of a serious nature are, of 
course, the sign of an inferior material. On the other 
hand, in those cases where, according to the etching 
test, only moderate segregates occur, it is extremely 
difficult to decide the real degree of segregation, and, 
therefore, great caution should be observed as regards 
the question of rejection merely on the basis of the 
etching result. 

3. The material has a smooth and even surface after 
etching. 

In general this indicates a good and uniform struc¬ 
ture in the material, though sometimes such etching 
results can be misleading. If, however, two specimens 
are of similar material, and have been subjected to the 
same mechanical working and heat treatment, but one 
of them after etching has a denser and smoother 
appearance, it is extremely probable that it is better 
than the material with the coarser surface. In a case 
like this, however, the result of etching is obviously not 
a test giving absolute proof of quality. 

4. The material has a porous appearance a fter etching, 

This points to a certain degree of chemical hetero¬ 
geneity in the material, and it occurs readily in the 
central parts of the section. In such cases only experi¬ 
ence can decide as to the suitability of the material 
for its purpose. The method of rolling Iras a great deal 
to do with the appearance of this etching structure. 

5. The material exhibits a dendritic structure. 

Steels with high carbon content seem to be more 

prone to acquire a dentritic structure than those 
with low carbon. Alloy steels, though often with the 
exception of the nickel-chrome steels, are better in this 
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respect than carbon steels, while high-speed steels very 
seldom show it. Abnormally well-clelmed dendritic 
structure is, of course, objectionable; as regards the 
normal type, however, no general statement can be 
Vade since in many cases it plays a very minor part, 
while in others it is important. A material may seem 
quite free from the structure in a section perpendicular 
to the direction of rolling, and yet show it in a longi¬ 
tudinal section. 

Macro-etching with Iodine Solution. Fremont state's that 
iodine was introduced as an etching reagent for iron 
and steel in 1895 by Osmond in the form of "tinc¬ 
ture of iodine” (iodine dissolved in ethyl alcohol). 
Reinhardt replaced the alcohol as the solvent by an 
aqueous solution of potassium iodide. Tetmajor con¬ 
sidered the most suitable proportions to be 1 part 
iodine in 2 parts of iodide and 10 parts water. 

Fremont recommends iodine solution for showing 
pipe formations, and is of the opinion that, in macro¬ 
scopic work, this reagent gives etching effects which, 
in general, are more suitable for photography than 
those which are obtained with acids, ferric chloride, 
mercuric chloride, or copper-ammonium chloride, while 
for ocular observation the effect is very much the same. 
According to the Bureau of Standards (2), however, 
copper-ammonium chloride gives a more clearly defined 
result. 

Iodine was formerly used quite extensively, but 
nowadays it is probably seldom employed. 

According to a report by Obcrhoffer (6) a solution of 
1 part decinormal iodine solution in 10 parts alcohol 
should act as an indicator of the distribution of silicon 
in steel. However, there is no further mention of this 
observation after the first short communication, and 
therefore the matter seems to be rather in doubt. 

Macro-etching with Ammonium Persulphate. Ammonium 
persulphate seems to have been first proposed as an 
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etching reagent for iron and steel by Czochralski (i) 
in 1915, hut it was not used very much before about 
1920, when Rawdon (1) published a number of articles 
on its great merits for macro-etching. The following 
remarks are based mainly on his work. 

Ammonium persulphate is a powerful oxidizing agent. 

The chief reaction during etching is 

2 Fo -| ■ 3 > 2 Fe‘" 1 6 SO.," 

The persulphate ion, however, slowly breaks clown in 
water and oxygen is evolved, thus 

2 S.,()/T- 2H.,() - 4IT -1- 4 SO,"+ O a 

In consequence of this the solution should only be 
made up just before use. 

A 10 per cent solution in water has been found to 
give good results, but the concentration can be raised 
to 20 per cent without inconvenience. The etching is 
carried out best by "swabbing.” For a well prepared 
surface an etching period of 1- 2 minutes is generally 
sufficient. In this case the grinding of the section is 
usually completed with emery paper. The etching oi 
large sections can be done quite well direct on surfaces 
planed smooth, but the time of etching must then be 
extended to half an hour, or possibly somewhat longer,, 
Under these circumstances it is an advantage to warm! 
the etching solution to 50-60° C. When the etching 
period is so prolonged the specimen may be conven¬ 
iently immersed entirely in the solution, and the sur¬ 
face rubbed with a swab of cotton wool wrapped 
firmly round a wooden stick. If the solution shows a 
tendency to weaken in its etching action some more 
salt is added. As soon as the desired etching effect is 
obtained the section is washed in water, and treated 
subsequently in the usual way. 

Photography of the surface is done best with the 
specimen under water, alcohol, or thin oil. If this 
procedure is inconvenient owing to the size of the 
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specimen, or other circumstances, a result almost as 
good may be obtained by painting the surface with 
glycerine or oil, or by varnishing. 1 It may be men¬ 
tioned that these remarks hold good for all photography 
of macro-etched surfaces when tire greatest possible 
contrast is desired. 

Ammonium persulphate is the best reagent existing 
for the macroscopic grain-contrast etching of iron and 
steel. Hence it may be used with advantage to show 
recrystallization phenomena. For investigations on 
welded joints of various kinds it is often unsurpassed 
(Rawdon (i), Jimeno and del Fresno, and several 
others), although, for completing the information ob¬ 
tained, etching with a second reagent may also be 
advisable. It is very suitable for etching such materials 
as wrought iron, which, as a rule, is characterized by 
uneven grain-size. One great advantage in ammonium 
persulphate etching is that the attack is, in reality, 
very superficial, so that, if desired, the surface can 
easily be ground clean again for a subsequent micro¬ 
scopical examination. This is often impossible after 
deep-etching with acids without removing considerable 
quantities of metal. 

Ammonium persulphate also brings out clearly any 
variations in chemical composition, such as segrega¬ 
tions, etc. In this respect the effect is somewhat similar 
to that obtained with other macroscopic etching re¬ 
agents. The fibre-structure can sometimes be (itched 
up better with ammonium persulphate than with other 
solutions. 

Another advantage of this reagent lies in its slight 
effect on the skin in comparison with acids or copper 
reagents, and hence its manipulation is simpler. 

Macro-etching with Reagents Containing Copper. These 
etching reagents are particularly sensitive to differences 

1 The commercial metal varnishes (lacquers) should be diluted with about 
2-3 times their volume of a suitable reducer. 
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in the distributions of phosphorus and carbon. At 
the same time, some of them produce a slight grain- 
contrast etch, and, for these reasons, are the best 
reagents for showing dendritic structure (primary 
etching). According to several investigators the result 
of etching is also dependent on the occurrence of dis¬ 
solved oxygen in the iron, but this is disputed by 
others (see page 56). 

Sometimes the copper-containing macro-etching re¬ 
agents are also used for etching for microscopic pur¬ 
poses, but in such cases they are generally diluted. 

A list comparing the solutions described below is 
given in Table IV on page 66. 

Neutral Copper-ammonium Chloride. The first, and 
for long most used, of the copper-containing etching 
reagents, is the one suggested by ITeyn in 1906, con¬ 
sisting of a solution of copper-ammonium chloride in 
water in the proportion of x: 1.2. This concentration 
is chosen so that the precipitated copper layer is porous 
and spongy, and, therefore, can be easily washed off 
at the conclusion of etching. 

The etching itself is carried out with the specimen 
completely immersed in the solution, which is contained 
in a dish. Care must be taken that the entire surface 
is quickly and evenly covered by the reagent, and that 
no air bubbles form and remain attached to it. Before 
being placed in the solution, the specimen should be 
thoroughly cleaned with alcohol or whiting, for example, 
During etching the dish is kept in motion so that any 
differences of concentration which may arise in the 
solution, are neutralized as soon as possible. For finely 
ground surfaces a suitable etching period is, in general, 
about one minute; rougher surfaces require a longer 
time. After etching the specimen is washed in water 
and the precipitated copper cleaned off with cottonwool 
or some similar material. If the copper should show a 
tendency to stick in certain places, it is often useful to 
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rub the surface with a wet cork. If this is no help, the 
copper can be removed by treatment with either strong 
ammonia, or ammoniacal copper-ammonium chloride, 
or a 0-5 per cent solution of ammonium persulphate. 
When the copper layer has been removed, the specimen 
is washed and dried in the usual way. 

During etching with copper-ammonium chloride the 
areas high in carbon or phosphorus are attacked more 
strongly than the purer parts, and thus appear darker 
than their surroundings when viewed in diffuse illu¬ 
mination. If the phosphorus content is very high a 
slight brown colouration may also appear—due pre¬ 
sumably to the superficial formation of phosphor- 
copper. Locally cold-worked areas, such as the sur¬ 
roundings of a rivet-liole, are also attacked strongly by 
the reagent. 

This method of etching is used preferably for iron and 
mild steel with a carbon content under 0-3 per cent, 
but nevertheless it can also be employed for steels 
containing up to 0-7 per cent carbon. With higher 
carbon contents, however, the difficulties of removing 
the copper layer become excessive. In such cases the 
etching reagent proposed by Oberhoffer (2) may be 
used as an alternative (see page 57). The method is 
not suitable for graphitic cast ii'ons, hardened steels, 
or high alloy steels. 

According to Haufethis method is, for soft iron at least, 
just as good as etching with more complex solutions. 

The Bureau of Standards recommends a solution 
somewhat more dilute than that of Heyn. Also, in this 
modified solution, the sectkm is etched a number of 
times with intermediate washings. According to a 
report from a Swedish works, this method has been 
found to be quite satisfactory. 

In certain cases it is possible to start with a planed 
surface, and etch it at room temperature with a satur¬ 
ated solution of technically pure copper-ammonium 




HANDBOOK OF ETCHING 


52 

chloride. 1 In this way dendritic structures, segregates, 
flakes, etc., are brought out (see page 77). The speci¬ 
men is immersed in the solution with the smooth 
planed surface upwards, and allowed to remain, say, 
overnight, then taken out and brushed clean in water. | 
It is finally washed with soda solution, for example,; 
to inhibit the formation of rust. For this method of 
etching to be successful the steel should have a moder¬ 
ately fine structure. 

The method is advantageous in practice because the 
laborious grinding and polishing of the specimen is 
avoided; it is, therefore, easy to do, and requires little 
supervision. 

Copper Sulphate Solution. Belynski used a 1 per cent 
solution of copper sulphate to show up dendrites, 
etc., in irons and steels with carbon contents of o-i- 
1-3 per cent. This reagent has not been used very 
much. 

Acid Copper-ammonium Chloride. Humfrey used a solu¬ 
tion of copper-ammonium chloride, acidified with hydro¬ 
chloric acid, for macro-etching large surfaces. With 
this reagent a very strong and sharp relief effect was 
obtained, with the result that the etched surfaces could 
be used as “cliches” for taking off prints on to paper 
by means of printers’ ink. The following was the com¬ 
position of the solution. 

Copper nmmonium chloride 120 gram ; 

Ih drcchh r:e acid, cone. . 50 c.c. 

Water .... 1,000 c.c. 

Occasionally, as for nickel- and chromium-alloy 
steels, the best etch was obtained if the reagent was 
made slightly less acid. 

From this acid solution, however, the copper is 
precipitated on the specimen as a strongly adherent 
layer, and, therefore, the etching must always be com¬ 
menced in the neutral solution. With the latter the 


1 Communication from a Swedish, works. 
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process is continued until it is certain that all scratches 
or machining marks have been removed; the solution 
is then made more acid with successive additions of 
HC 1 , without, however, removing the layer of copper 
already deposited. The period of etching varies from 
20 minutes to 1-2 hours. If deep marks are left on the 
surface of the section from the previous machining, it 
is often advantageous to etch first with dilute nitric 
acid till these scratches have disappeared; subsequently 
the process is continued, first with the neutral, and 
finally with the acid solution. 

When the etching is finished the copper is washed off, 
as after using Heyn’s neutral solution. If a deeper 
etching than the one obtained is desired the process is 
continued, but it is necessary to start again in the 
neutral solution. Greater contrasts are obtained if 
the section is polished slightly with fine emery-paper 
after etching. 

For etching ingot sections the Iron and Steel Insti¬ 
tute’s Heterogeneity Research Committee recommends 
the following procedure. Etch first in an 8—12 per cent 
neutral solution for xo minutes to half-an-hour. Then 
for half an hour with a solution to which has been 
added 2-5-5 P er cent HC 1 . Continue for a third half- 
hour with an addition of 15 per cent HC 1 . An inter¬ 
mediate etching with 7-5-10 per cent of HC 1 present may 
also be carried out. If necessary, more strongly acid solu¬ 
tions can be used to produce an adequate relief-effect. 

Allison and Rock used Humfrey’s method of etching 
in order to bring out any possible dendritic structure in 
steel castings 1 containing 0-07 per cent C, 0-06 per 
cent Si, 0-05 per cent Mn, and about 0-06 per cent P. 

Whiteley (2) employed the following solution— 


Ferric chloride . 
Cupric chloride ' 
Hydrochloric acid 
Water 


200 grams. 
1*2 grams. 

300 C.C. 
1,000 C.C. 


1 For use in the electrical industry. 
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After five minutes' etching the specimen was taken 
out, the surface ground with line emery paper, and the 
etching then continued for half an hour or more. With 
this method the relief-effect is not quite so sharp as 
with Humfrey’s process. 

Whiteley’s solution is used in a Swedish works, with 
the exception that only i-o gram of copper chloride is 
taken. The etching time is 20 minutes. It has been 
found convenient to take the specimen out after 2 
minutes, polish it with No. 00 emery paper, and then 
continue the etching. 

According to the A.S.S.T. Handbook, Dickenson has 
proposed a reagent of the composition- - 

Ferric chloride . 40 grains. 

Cupric chloride . 3 grams. 

Hydrochloric acid 40 c,e. 

Water . . 500 0.0, 

Before treatment in this solution the specimen is 
etched with xo per cent nitric acid. 

Rosenhain and Haughton introduced another type 
of copper-reagent, which, besides the copper salt, 
contains hydrochloric acid, ferric chloride, etc., in 
such proportions that copper is precipitated as a 
strongly adherent, but thin, layer on certain areas of 
the surface of the specimen, while the others remain 
as clear as before etching. 

The following is the composition of this solution— 


Ferric chloride . 
Hydrochloric arid, cone. 
(Y.pcie chh.Hiie . 
Sianrncs c.!i!<riiir 
Welter . 


. . 30 grams, 

JOOC.C. 

i gram. 
o*5 grain. 

. , 1,000 0,0. 


The time of etching is xo secs, to 2 minutes, and the 
solution should not be used more than once. The speci¬ 
men which is to undergo treatment should be polished 
as for ordinary microscopic etching. In pearlitic steeis 
which have a uniform distribution of phosphorus, the 
copper is deposited on the ferrite, causing the latter 
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to appear dark, while the pearlite is unchanged. When 
the phosphorus is unevenly distributed the areas where¬ 
in it is highest are left clear. This etching reagent is 
more adapted to microscopic investigation than macro¬ 
scopic. At the same time, however, very deep pitting 
occurs round any small non-metallic inclusions which 
may be present in the surface. To avoid this the 
A.S.S.T. Handbook recommends dilution of the solu¬ 
tion. A certain amount of experience is necessary to 
obtain a satisfactory etch, and the specimen must be 
perfectly clean. 

Stead’s Etching Reagents. Stead (4) improved the above 
reagent by the use of alcohol, and suggested the follow¬ 
ing composition— 


Cupric chloride . 
Magnesium chloride 
Hydrochloric acid 
Ethyl alcohol up to 


10 grams. 

20 q™ 118 ’ * Stead's No. i reagent. 

1,000 c.c. 


The salts are first dissolved in the minimum quantity 
of hot water, amounting to approximately 10 per cent 
of their weight, and then the alcohol is added. The 
etching is carried out by allowing a few drops of the 
solution to remain on the surface of the specimen for 
about one minute, then pouring them off, and replacing 
them with fresh solution as often as required. When 
sufficiently etched the specimen is washed with hot 
water and alcohol. The copper deposits first as a 
strongly adherent layer on the purest iron, and then, 
as the etching is continued, spreads out gradually over 
the less pure parts as well. Areas with extremely high 
phosphorus contents, however, remain without a 
covering of copper even after very long etching. 

Haufe 1 tries to explain the effect on the assumption 
that the copper is deposited first as an extremely thin 
film on the least pure areas, and protects these from 
further attack. The same investigator considers that 

L Haufe mentions water instead of alcohol (misprint?). 


5—(5690) 



HANDBOOK OF ETCHING 


56 

Stead’s reagent is not very suitable for showing ph 0s . 
phorous segregations, because the details are indistinct 

Le Chatelier and Bogitclr consider that the amount 
of oxygen dissolved in the steel is a deciding factor in 
the etching effect. Thus they state that the strongest 
effect is obtained with an oxygen content of o-ox p er 
cent, and that with lower or higher concentrations it! 
decreases, while if the oxygen content is very l 0w l 
Stead’s reagent does not etch at all. Tritton anil 
Hanson, however, do not agree that the oxygen con 
tent has such an influence on the result. 

Stead (5) recommends, besides the foregoing, the! 
use of a stronger solution. 


Cupric chloride . 

5 grams. 


Magnesium chloride 

4 grams. 


Hydrochloric acid 

I c.u. . i 

-Head's No, 2 reagent 

Water 

20 c.c. 

Alcohol 

TOO C.C. 



The ordinary, dilute, solution No. 1 is used for low 
percentages of phosphorus, while the stronger No. 2 
is used for high percentages. Etching time about 
x minute. 

Comstock (2) used a somewhat modified composition: 
of Stead’s reagent for investigating transverse fissures* 
in rails. 


Cupric chloride . 
Magnesium chloride 
Hydrochloric acid 
Alcohol up to 


The salts are dissolved 
2*5 grams. in the hydrochloric 

10 grains. acid, with the addi- 

5 e,■e:. tiottnftheleast pos- 

250 e.e. sible quantity of hot 

water. 


If the etching with this solution was not too pro-j 
longed, the phosphorus-rich areas could be kept clear] 
According to Charpy and Bonnerot the contrasts can,I 
under certain circumstances, be increased by dissolving 
off the precipitated copper by rubbing with strong 
ammonia. This latter process is also recommended by! 
Comstock when examining, at magnifications of 20-50] 
the dendritic structure brought out by Stead’s ordinary 
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reagent. In this case the deposited copper layer, 
which will subsequently be removed, is allowed to 
become relatively thick. 

Le Chatelier and Lemoine’s etching reagent, often 
called Le Chatelier’s No. i reagent, is only a slight 
modification of Stead’s No. x solution. The composi¬ 
tion is— 


Cupric chloride . i gram. 

Mr.gr.eshirr. chloride 4 grams. 

I lydrocliloric acid, cone. 2 c.c. 

Water ... .18 c.c. 

Methyl or ethyl alcohol 100 c.c. 


(It is important for the alcohol to be absolute in 
order that the total amount of water present may be 
no greater than strictly necessary.) 

This solution is used similarly to Stead’s reagent, 
except that Le Chatelier carries out the etching by 
immersing the specimen in the solution. The etching 
contrasts can be increased by electrolysis, with the 
specimen as the anode; the current strength (for an 
ordinary specimen) should be less than 50 milliamps. 
A dry battery can be used to supply the current; 
(electrode distance about 2 cms.). 

Le Chatelier and Dupuy’s etching reagent, often 
called Le Chatelier’s No. 2 reagent, is— 

Cupric chloride ..... x grain. 

Picric acid ...... 0-5 gram. 

Hydrochloric acid ..... x*3—2*5 c.c. 

Water ....... 10 c.c. 

Ethyl alcohol. ..... 100 c.c. 

The volume of HC1 is varied according to the analysis 
of the specimen. Haufe reports that this solution is 
also suitable for electrolytic work, but it is said to be 
very capricious. 

According to Hatfield, heterogeneous distribution of 
manganese and silicon can be shown equally well with 
Stead’s reagent, or Le Chatelier’s. 

Oberhoffer’s Reagent. After a preliminary study, 
Oberhoffer (2) put forward the following—which is 
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considered to be an improvement as regards the obtain¬ 
ing of uniform results. 


Cupric chloride 
Stannous chloride 
Ferric chloride 
Hydrochloric acid. 
Water, distilled 
Ethyl alcohol. 


i gram. 
0*5 gram. 
30 grams. 
30 e,<\ 
500 e.e. 
500 <\o. 


The specimen must bo well ground and carefully! 
polished, but according to some information received, 
instead of being etched immediately after polishing, it 
should first remain in the air for half to one hour. It! 
is, furthermore, important for the specimen to bej 
absolutely dry before etching, and also to be at the! 
same temperature as the etching solution (Haufe). 

Oberhoffer’s solution acts somewhat more slowly than 
the previous reagents, and also more uniformly, with 
consequent less risk of staining. The etching is done 
normally, and the precipitation of copper is not note¬ 
worthy because the composition of the solution is so 
chosen that the deposition of copper on pure ferrite is 
just prevented. 

The areas which have electrochcmically less "noble” 
properties, e.g. ferrite containing phosphorus, acquire 
over their surfaces an extremely thin film of copper 
which protects them from further attack, so that they 
finally stand in relief because; tlui purest, unprotected 
areas, are dissolved out by the hydrochloric acid and 
ferric chloride. This state of affairs is thus the direct 
opposite to that obtained with Hoyn’s, and similar, 
etching reagents. 

The contrasts obtained may be further emphasized 
by repeated etchings, with light intermediate polishings, 
especially if the structure is fairly coarse. 1 Difficulties 
have, at times, been encountered when etching speci¬ 
mens soldered to another material. 

To bring out dendrites and grain boundaries at the 

1 Pointed out by a Swedish works. 
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same time, Leitner recommends a double-etching. The 
first etch is with 5 per cent nitric acid in alcohol or 
water, and the second with Oberhoffer’s reagent. 

For micro- etching, x part of the macro-reagent is 
added to xo parts of alcohol. Haufe considers, however, 
that, with Oberhoffer’s reagent, the surface is rough¬ 
ened too much for microscopic work. 

Fry’s Etching Reagents. Fry (2), who undertook a 
further critical investigation of the etching reagents 
containing copper, showed that, for plain carbon steels, 
stannous chloride is unnecessary, and that the concen¬ 
tration of alcohol can be increased, a point which is of 
special advantage in micro-etching. Similarly it was 
found that a cleaner structure was obtained by omitting 
the ferric chloride. A solution of the following com¬ 
position appeared to be specially useful. 

Cupric chloride . . . 1*5 gram. 

Hydrochloric acid . . 30 c.c. I Fry’s No. x etching 

Water .... 95 c.c. f reagent. 

Ethyl alcohol . . . 30 c c. J 

Particularly good grain-contrast etchings are ob¬ 
tained with this solution. Very careful polishing of the 
specimen is, of course, necessary. 

When etching high alloy steels it often happens that 
Oberhoffer’s reagent proves to be quite useless, because 
copper is deposited over the entire surface of the speci¬ 
men. In such cases useful results can often be obtained 
by increasing the proportion of hydrochloric acid, or by 
using Fry's No. i reagent, or the following— 

Cupric chloride ... 4 gram ■ 

Hydrochloric acid, cone. . 20 c.c. _ Fry’s No. 2 etching 

Water .... 40 c.c. ’ reagent. 

Ethyl alcohol ... 20 c.c. 

Fry’s reagents. Nos. i and 2, can be used quite well 
for showing the degree of segregation of the phos¬ 
phorus, because solution No. 2 only leaves unattacked 
the areas containing high phosphorus, while the No. 1 
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solution similarly leaves the areas of moderate phos-l 
phorus content. The two solutions can, with advantage, i 
be mixed in various proportions. 

Haute considers that no essential difference in etch¬ 
ing effect can be found between Oberhoffer’s and Fry’s 
reagents, but that Fry’s No. 2 is, in practice, the easiest 
and most convenient to use, because it does not require 
so well prepared a test-surface as Oberhoffer’s reagent. 
Fry’s No. 2 reagent is, likewise, as little suited to micro¬ 
scopic etching as the latter. 

Canfield has proposed the following etching reagent— 


Cupric chloride 
Nickel nitrate, cryst. 
Ferric chloride 
Water . 


i *5 grams. 
5 grams. 
<> grams. 
1 2 c.c. 


A few c.c. of nitric acid may be added if desired. 
The rate of etching can be controlled by altering the 
amount of water, and, if a slow etch is required, 150 
c.c. of methyl or ethyl alcohol arc added. 

This is used for showing phosphorus segregations. 
The specimen is immersed in the solution; generally 
90 seconds is an adequate period for etching, though 
occasionally several minutes are required. The metal 
which is deposited on the purer areas of the surface 
of the specimen shows colours varying from red-brown 
to pale brown. Segregations, particularly of phos¬ 
phorus, appear quite white. 

As an application of this etching reagent Canfield has 
worked out a method of "phosphorus-printing.” Photo¬ 
graphic paper is soaked for a few minutes in a 5 per 
cent solution of potassium fcrricyanide in water. The 
paper is taken out and pressed for about 1 minute 
into contact with the surface which has been previously 
etched with the above reagent. Then, after the paper 
has been washed and fixed in the usual way, an impres¬ 
sion remains of the areas which are contaminated 
mainly with phosphorus. Investigation has, however, 
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shown that it is occasionally very difficult to obtain a 
clear impression, and the method, therefore, seems to 
call for very considerable experience. For "phosphorus 
printing” only a light preliminary etch is required. 

Macro-etching for Showing Cold Working and Deformation 
Lines. (. Luder’s lines). B. Strauss observed in 1905 
that on etching a piece of cold worked boiler-plate 
certain "lines” appeared. Fischer in 19x3 found similar 
lines near the sheared edge of an iron plate which served 
as the anode in an electrolytic bath. 

It was, however, through Fry’s work, 1921, that 
more accurate details first became known as regards 
the possibility of etching up the so called "strain 
lines” in material which had been exposed to strains 
beyond the elastic limit.- 

For etching, Fry described two solutions, the first 
for microscopic use— 

Cupric chloride 5 grams, 'j 

Hydrochloric acid . . 40 c.c. I Fry's No. 3 etching 

Water .... 30 c.c. j reagent. 

Ethyl alcohol ... 25 c.c. J 

and the second for macroscopic work- 


Cupric chloride . 
Hydrochloric acid 
Water 


f gr r s. ) Fry's N<>. 4 etching 
.00 c.c. ) r °agent. 


Both these etching solutions differ from the copper- 
containing reagents described previously, in that the 
concentration of HC1 is so high that copper does not 
precipitate under any circumstances during the actual 
etching (see pages 15 and 52). 

Before etching it is essential for the test-pieces to 
be heated up to 200-250° C. for about half an hour. 
After this heat-treatment the preparation of the speci¬ 
mens is carried out as usual. The ground surface—it 
need not be polished—is etched for 1-3 minutes in the 
solution, then the specimen is taken out and the surface 
rubbed with powdered cupric chloride by means of a 
piece of cloth for from 2 to 20 minutes. When the lines 
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appear clearly the etching is stopped, the specimen 
wiped somewhat, then washed with alcohol, and dried 
as rapidly as possible. The washing must not he done 
with water because this causes copper to be deposited 
on the specimen. If the surface appears dirty it maj 
be wiped over with a cloth saturated with the etching 
solution, and subsequently washed again in alcohol. 

It has been found an advantage to rinse the specials 
with fairly concentrated hydrochloric acid at the con 
elusion of etching. Washing with water can then k 
done without any copper being deposited. 

In addition to bringing out strain lines, this etching 
reagent is also very suitable for ordinary grain-contrast 
etching, and is, furthermore, very often a good sub¬ 
stitute for Oberhoffer’s reagent when alloy steels are 
concerned. 

Meyer and t Eichholz modified the composition of the 
macro-etching solution by diminishing the H(' 1 -content, 
and changing a part of the copper for ferric chloride— 


Cupric chloride . 
Ferric chloride . 
Hydrochloric acid 
Water 


20 grams, 
20 grams. 
30 ox. 
ioo ox. 


Moyer & Eichholz’ 
No, » etching re¬ 
agent, 


With this reagent the subsequent rubbing with 
cupric chloride was found to be unnecessary. 

Later they changed over to a more dilute solution— 


Cupric chloride . 
Ferric chloride 
Hydrochloric acid 
Ethyl alcohol 


0 grams. 
(> grams. 
IQ c.c. 
xoo c.c. 


Moyer <& Kichholz' 
No. 2 etching re¬ 
agent. 


With this good results were obtained, even if the 
amount of hydrochloric acid was reduced to half. 
These weaker solutions require a somewhat longer time 
for etching than Fry's. They do not produce such 
strong contrasts but, on the other hand, are stated to 
bring out finer details. 

As regards the temperature of tempering Meyer and 
Eichholz found that, with their more dilute solutions, 
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the deformation lines could be etclied up even after 
tempering at 50° C., while this was not possible with 
Fry’s reagent. On tempering to over 300° C. the lines 
began to fade more and more. It was observed that 
the more rapidly deformation occurred, the higher was 
the temperature at which the specimen could be tem¬ 
pered without the lines disappearing. 

Concerning these etching processes Jevons (1) re¬ 
ports as follows. Fry’s method of etching is at present 
only suitable for soft iron and mild steel, while even 
with these materials uniform results are not always 
obtained. Thus Jevons did not succeed in obtaining 
any etching effect on an English steel of nearly the 
same analysis as the one used by Fry at Krupp’s. After 
20 hours etching only traces of deformation lines 
appeared. A carbon content of less than 0-3 per cent 
is essential for the etching to be possible. Steel with a 
pronounced fibre-structure gave a worse result than 
those without. The previous heat-treatment is believed 
to have a considerable influence on the result of etching. 
On the other hand, percentages of silicon, manganese, 
sulphur, or phosphorus within the usual limits, do not 
have any effect. 

According to Jevons, the solutions of Meyer and 
Eichholz are not very suitable for etching up strain 
lines because they accentuate segregations too much, 
with the result that the clearness of the lines is dimin¬ 
ished. Heating at from 200 0 to 400° C. does not seem 
to produce any noteworthy change in the result of the 
etching, but temperings at ioo° and 6oo° C. respectively 
gave very poor results. A fairly copious supply of the 
solution must be available for etching because it is 
soon spent. During use the colour changes from green 
to brown: when it becomes sepia-toned the action pro¬ 
ceeds so slowly that it is best to change the solution. 
Different steels require different quantities of the etch¬ 
ing reagent, but as a rough approximation, 1 litre of 
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Fry’s No. 4 solution may be allowed for every 2 sq, 
decimetres of the surface exposed in the bath. If the 
action is continued long many fine details are entirely 
lost, though a relief as high as x mm. can be obtained 
after one week’s etching. With the above solution Jevons 
obtained good results after etching for 60-80 hours, 
provided the bath was kept well stirred. Fie did not 
find any advantage in the rubbing with cupric chloride, 

Wazau preferred to etch the specimen first with coli 
strong hydrochloric acid for from 20 minutes to 3 
hours, depending on the composition of the material, 
and pointed out, in connection herewith, that at very 
low temperatures—when the acid was partly frozen 
an d the time of etching considerably prolonged—-very 
fine details were brought out. After the hydrochloric 
acid etch the specimen was washed with water and Fry’s 
reagent then applied with a brush, because, according 
to this investigator, the free access of air plays an 
important part. Wazau found, in agreement with 
Oberhoffer and Toussaint, that tire lower the tem¬ 
perature of the etching reagent, the finer were the 
details which could be etched up. However, under 
such circumstances, the time of attack is prolonged, 
and the best compromise appears to be effected by 
etching at room temperature. 

Wazau worked with slightly modified varieties of 
Fry’s solutions and found that, with the following re¬ 
agent for example, the specimen could be washed 
directly in water without risk of deposition of copper. 

Cupric chloride 45 grams. 

I lydr iric acid 180 c.e, 

Water . . iooc.c. 

With this modification somewhat greater contrasts 
in the etching effect were also obtained. If the etched 
surfaces showed contrasts too weak for photo¬ 
graphy Wazau allowed the specimens to lie in the air 
and rust slightly, subsequently cleaning them up 
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on fine emery paper. As regards the preparation of 
the specimens it was found expedient to finish with a 
fine milling-cut, and then to etch the specimen for a 
few minutes in dilute acid. This method avoided the 
tedious filing and grinding. 

After etching with Fry’s reagents, 50 per cent HQ 
at about 50° C. can be used for the first washing, followed 
by water as usual. 1 By subsequent careful polishing the 
lines can often be caused to appear more clearly. 

Macro-methods for Indicating Sulphur and Its Distribution. 
The methods which have been proposed tor the macro¬ 
scopic indication of sulphur in iron and steel are based 
on the fact that the sulphide inclusions occurring in 
the surface of the specimen evolve sulphuretted hydro¬ 
gen under the action of acids. This sulphuretted hydro¬ 
gen is caused to react with metallic salts which are held 
in contact with the surface by a suitable support, and 
which are of such a nature that a characteristic colour 
appears wherever any action occurs. The salts em¬ 
ployed are those of mercury and silver, and the support 
for them consists of silk or gelatined paper, etc. 

Heyn’s Method of “ Sulphur Printing.” In 1906 Heyn 
published the following process which was worked out at 
the Materialprufungsamt in Berlin, in conjunction with 
the cupric ammonium chloride method of etching. 2 

A piece of silk is laid on the surface of the specimen, 
which needs no special preparation beyond filing flat, 
and is moistened, by means of a paint brush or some 
cotton wool, with the following solution— 

Mercuric ohlnriclt* . 10 grams. 

Hydrochloric acid ..... 20 ex. 

Water ... .... 100 ox. 

From those places where the sulphide inclusions 
occur, sulphuretted hydrogen is evolved, and this, 
reacting with the mercuric chloride, precipitates black 

1 Communication from a Swedish works. 

2 This account is based on a somewhat later, improved description by 
Heyn and Bauer. 
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HgS, which remains fixed in the silk. A. contact period 
of 4*to 5 minutes is usually sufficient. Owing to the 
vigorous evolution of hydrogen, bubbles are easily 
formed under the silk, but these must be carefully 
pressed down with the brush, which is kept filled with 
fresh solution. During the whole time of the test the 
silk must be kept in close contact with the specimen, 
and, from time to time, the weakened solution should 
be renewed by brushing over with fresh. At the end 
of the action the piece of silk is lifted off, and washed 
with water. If the latter is done carefully the HgS 
remains quite firmly fixed, and nothing is lost. The 
piece of silk now presents a true mirror-image of those 
places in the ground surface where concentrations of 
sulphur may be found. The method gives good results 
in all cases where local aggregates of numerous sulphide 
inclusions occur, but, if the sulphur is only present in 
small amounts, and is uniformly distributed throughout 
the section, there will only be a general grey-colouring 
of the silk, without any particular areas appearing 
darker. Phosphorus-rich areas, under the action of the 
acid, give off phosphoretted hydrogen which precipi¬ 
tates the lemon-yellow mercury phosphide from the 
mercuric chloride solution. Confusion with the black 
sulphide is, therefore, precluded. The evolution of 
phosphoretted hydrogen is, however, slow in com¬ 
parison with that of sulphuretted hydrogen. 

It may be mentioned in addition that, in the case of 
rather small sections, there is usually sonic difficulty in 
keeping the silk flat and in one position, particularly 
when painting it with fresh solution. It facilitates 
matters very much to stretch the silk in an “embroidery 
frame” of the kind which is commonly used on sewing 
machines. The piece of silk should remain in the frame 
until it is quite dry, as otherwise it may shrink. 

Royen and Ammermann’s Method. Royen and Ammer- 
mann have improved Heyn’s method by using gelatined 
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paper instead of silk. The paper is soaked for % 
minutes in Heyn’s solution, dried superficially, then 
laid on the surface of the specimen, and lightly pressed 
close by stroking, not more than twice, with the edged 
a piece of cardboard. The contract time is 3 to 5 
minutes. The paper is then pulled oil, and carefully 
wiped under water with cotton wool to remove a dark 
film which usually forms. Finally, it is washed for 
1 hour in running water, and dried in the usual way, 
using a glazing-plate if desired. 

Bromide-paper, from which all silver has been dis¬ 
solved out with fixing-salt, can be used, otherwise 
Messrs. Bayer, of Leverkusen, Germany, prepare a 
special paper which is suitable for this purpose. If the 
paper is dried after soaking in the acid mercuric chloride 
solution, it may be stored in this condition and then, 
before use, merely dipped in dilute hydrochloric acid 
(20 c.c. HC 1 , s.g. x-12, in 100 c.c. water). 

Royen and Ammermann suggest that the above 
process should be called "sulphur printing,” and that 
the Baumann method (see below) should be described as 
"Baumann printing.” It is further recommended that 
a Baumann print be made first, and then, after regrind¬ 
ing the surface, a "sulphur print,” subsequently com¬ 
paring the results. The effect with the "sulphur print" 
is identical in every respect with. Heyn’s original method 
but gives a sharper and clearer print. 

The colour of the Baumann print is, in general, brown, 
This changes to a much darker, almost black, colour in 
small areas which are often in the form of points or 
lines. The mercuric-chloride prints are valuable for 
determining the relative importance of these dark- 
coloured areas because, in this latter type of print, any 
phosphorus is indicated by pale lemon-yellow areas. 

The Baumann Print. This method was published bv.j 
Baumann in 1906, shortly after Heyn’s first communica¬ 
tion, and was briefly described as follows. 
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A simple method of determining the points of sulphur 
concentration in the surface of a specimen may be based 
on the effect on a silver salt of the sulphuretted hydro¬ 
gen evolved with acids. An ordinary photographic 
paper is soaked with dilute sulphuric acid and lightly 
wiped. Then, with the film side inwards, it is pressed 
carefully against the test surface which has been previ¬ 
ously ground flat and cleaned from grease. When, 
after a short time, the paper is pulled off again, the 
sulphur-containing areas appear dark coloured in the 
contact print so obtained, while the areas free from 
sulphur remain white, or only slightly shaded. The 
paper is then fixed and washed in the ordinary way. 
Several prints may be obtained from the same surface, 
and it may be mentioned that a dark-room is not neces¬ 
sary. In a footnote Baumann refers to Heyn’s process, 
but considers that the method using silver bromide 
paper is simpler and gives sharper pictures. 

Quite a vigorous discussion then took place as regards 
the merits of the Baumann print compared with Heyn’s 
sulphur print (Baumann, Heyn, Bauer, Oberlioffer (4); 
Oberhoffer and Knipping, and others). The following 
is an abstract of what accrued during the discussion, 
amplified with some of the writer’s own experience. 

Technique of the Baumann Print. The photographic 
paper should be thin, so that good contact is easily 
obtained. Glossy paper gives sharper prints, but, on 
the other hand, is harder to manipulate, particularly 
when printing from small specimens, because it slips 
extremely easily on the surface. Much annoyance due 
to the latter cause can be avoided if a matt paper with 
a smooth surface is chosen. 1 The paper is soaked for 
2 minutes in sulphuric acid solution. With a shorter 
time of immersion it does not absorb enough solution, 
while with a longer the gelatine swells too much, and 

1 Kodak contrast bromide paper is an excellent quality for Baumann 
prints. 
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becomes slippery, so that tlxc paper slides about on | 
the surface of the specimen. When the paper is taken 
out of the sulphuric acid, it is laid on a glass plate, or 
some flat support, with the film side up, and the excess 
of solution allowed to drain off for a few moments by 
holding the paper on its support at an angle. Then, 
taking a chamois leather, which has been wrung out 
with water, or alternatively some cotton wool or a 
sponge similarly treated, the gelatine surface is lightly 
and evenly^ wiped, so that no solution remains except 
that which has been absorbed in the gelatine. The 
paper is now loosened from the support and laid in con¬ 
tact with the surface which, has been prepared. For 
small surfaces of a few square centimetres area it is 
simplest to hold the specimen in the hand, and press the 
paper tight with the thumb. For medium-sized sections 
the specimen is laid on a firm support with the prepared 
surface upwards, the paper being laid on this, and 
pressed with the flat of the hand, or with a ball of wool 
or cloth. As in Royen and Ammermann’s method, 
stroking with the edge of a cardboard sheet is often an 
excellent expedient. 

For large surfaces, such as complete ingot sections, 
etc., the paper may be conveniently I'olled up on a 
roller or the like. The free end of the paper .is then suit¬ 
ably fixed just overlapping one of the short edges of 
the section, and the remainder of the sheet then rolled 
out over the surface, at the same time pressing it tightly 
against the latter with a soft rubber roller, so that all 
air-bubbles are removed. Whatever method is used it 
is important for the paper to be kept in intimate con¬ 
tact with the entire surface of the specimen for the 
whole period of printing. Owing to the evolution of 
hydrogen, gas-bubbles are easily formed between the 
paper and specimen, and they tend to lift the paper of. 
These bubbles must be immediately stroked out to the 
nearest edge. In critical cases the paper can be pierced 
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with a pin. If a particularly long contact-time is 
necessary, it may be useful to moisten the back of the 
paper with the sulphuric acid employed previously, or 
even with water, so that the paper will not dry up, and 
possibly stick fast. For surfaces of ordinary size very 
good contact can be obtained by pressing the paper and 
specimen together in a letter press for example, or a 
Brinell machine, or in some similar way. This method 
provides exceedingly sharp and clear prints, but re¬ 
quires practice to obtain successful results. Under too 
great a stress the gelatine is pressed asunder, and the 
paper sticks, while, if the pressure is too light, gas- 
bubbles easily form between the specimen and paper 
and prevent contact locally. After a suitable time the 
paper is carefully pulled off. If it should have stuck 
fast, the specimen and paper are immersed in water, 
and, as a rule, the paper can then be loosened. Care 
should be taken that, when the paper is laid on the 
specimen, the latter is not at a higher temperature than 
the room, otherwise the former will stick infallibly and 
irretrievably. After being taken off, the paper is 
washed in water for 5 to 10 minutes, and then fixed in 
a neutral bath; an acid fixing bath attacks, to a certain 
extent, the silver sulphide which has been formed. 
The final washing and drying is carried out as usual for 
photographic paper. 

Preparation of the Specimen. Baumann printing can 
be carried out quite well on a relatively rough surface, 
e.g. directly on a surface which has been filed flat, or 
planed. If it is desired to bring out as much detail as 
possible, the surface must be finely ground. The 
grinding should be done with a certain amount of care, 
so that the usually brittle sulphide particles do not 
crumble and fall out, as then, of course, a poor print 
will be obtained. On the other hand, polishing is 
unsuitable because the paper slides about very easily 
on a surface so prepared. The latter must be made 

.6—(5690) 
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quite clean, and free from grease, before the paper is 

laid on it. , 

A Baumann print of a machine-prepared surface 

often shows the marks on the steel if considerable cold- 
working has occurred in the underlying material. 

Concentration of the Sulphuric Acid Solution. In the 
literature sulphuric acid solutions of concentrations 
varying from i to io per cent are recommended. Too! 
low a concentration of acid involves a certain risk that 1 
metallic silver will be reduced out owing to the action 
of the iron. A photographic paper, moistened with 
water, is blackened in this manner after a sufficiently 
long time in contact with pure iron. Papers containing 
silver chloride are blackened more easily, owing to the 
reduction of the silver, than those containing only silvei 
bromide. On the other hand, a xo per cent sulphur! 
acid solution acts somewhat destructively on the 
gelatine film, and makes it loose and slippery. A 5 
per cent solution can be recommended as being gener¬ 
ally the best, because it does not give rise to any serious 
complications of the kind mentioned. When the per-i 
centages of sulphur are particularly high the strength 
of the acid should be somewhat diminished. 

Time of Contact. Contact times of from 1 to 10 
minutes are used. It is often recommended to malt 
the time inversely proportional to the sulphur content 
of the specimen. Thus the A.S.T.M. recommends a 
contact time of 6 minutes for a sulphur content oi 
0-028 per cent, and 45 seconds for 0-18 per cent. Accord¬ 
ing to the writer’s experience, however, it seems to It 
best, in practice, always to employ a constant time ol 
contact of 3 or 4 minutes, and only to depart from thii 
by way of exception. In this way more easily com 
parable results are obtained. 

When taking prints from entire ingot-sections s 
longer time is required, as a rule, because, in such cases 
the contact between section and paper is inferior t( 
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that obtained with smaller surfaces. Ten minutes is 
generally a suitable period. 

Interpretation of the Result. The sulphuretted hydro¬ 
gen evolved from each sulphide inclusion occurring in 
the surface of the specimen reacts locally with the silver 
bromide paper. Nevertheless, diffusion always occurs 
in the gelatine film, and the blackened areas on the 
paper will, for small particles, be possibly 5 to 10 times 
the actual diameter of the sulphide, inclusions. If a 
Baumann print is examined under moderate magnifica¬ 
tion the separate small blackened areas can be distinctly 
made out, although to the unaided eye the effect 
often appears to be a uniform darkening of the paper 
over a large or small area. Primrose considers that the 
particles which make impressions in the Baumann print 
seldom contain more than x—2 per cent sulphur. With 
cracked, or porous, materials, misleading results are 
frequently obtained because of the locally increased 
areas open to the attack of the acid. 

A point worth considering is that different photo¬ 
graphic papers have different compositions and per¬ 
centages of silver, and this influences the intensity of 
the blackening. 

Schottky observed that the Baumann prints from 
longitudinal and transverse sections of the same 
material had a characteristic difference. In the trans¬ 
verse section a considerably more intense blackening 
of the paper occurred than in the case of the longitu¬ 
dinal. Schottky utilized this effect for determining the 
direction of rolling in plates. 

Concerning the question whether the Baumann print 
indicates sulphur only, or includes phosphorus as well, 
it can be safely said that under normal conditions 
as regards material, acidity, paper, and contact time, it 
shows sulphur to a preponderating extent. Only in very 
exceptional cases does the phosphorus affect the result. 

Without making further tests it is not possible to 
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determine from a Baumann print the real or relative 
magnitudes of the percentages of sulphur indicated, 
because the intensity of colour does not depend on the 
latter alone. The same percentage of sulphur yields 
lighter prints with low percentage's of carbon than with 
high. According to Durand the same thing holds for 
manganese. The higher the manganese content the 
darker the Baumann print. For nickel- and chromium- 
steel the method is perfectly useless, because it does 
not give any evidence at all of the sulphur content 
A heavily cold-worked surface* gives darker prints than 
one not cokl-worked. 

A specimen containing a high percentage? of sulphur 
always gives a dark, vigorous print. The reverse, 
however, is not always true, because a relatively dark 
Baumann print need not always signify high sulphur 
content, even though this may be: so in the great 
majority of cases. 

Baumann Printing on Photographic Plates or Filins. 

Durand, 1924, carried out Baumann printing with 
photographic plates and films instead of with silver 
bromide paper. This method has the advantage that 
the transparent print can be laid on, and compared 
with, the macroscopically etched surface. 

Tischy made a number of tests of Durand’s sugges¬ 
tion, and found that the distinctness with which the 
details appear depends directly on the degree of smooth¬ 
ness of the surface of the specimen. With rough prep¬ 
aration of the latter only diffuse coloration is obtained 
in those places where sulphide particles are collected. 
With better preparation of the specimen the details 
appear so distinctly that a picture, enlarged about 
fifty times, can be prepared, and compared with a 
photomicrograph of the etched surface at the same 
magnification. If a certain most favourable time of 
contact is exceeded the details of the print lose their 
sharpness owing to diffusion. For a material containing 
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o-i per cent C and <>*<>3 per cent S a good result was 
obtained with a film after a contact of i minute using 
5 per cent sulphuric acid. 

Rogers’ Method of Obtaining Baumann Prints of Fractures. 

Rogers, who attempted to prepare Baumann prints 
direct from fractured surfaces, published the following 
method in 1912. 

450 grams of vaseline are melted together with about 
50 grams of wax, and of this mixture the smallest possible 
quantity is worked up with whiling, so that a stiff, 
coherent, plastic mass is obtained. This mass is rolled 
out into a sheet of about 2 nun. thickness. Plasticine 
is too soft for this purpose, and has an unsuitable 
colour; it can be used, however, if it is impregnated 
with whiting. 

For the silver bromide emulsion digest the following 
at about 43" C.: water 150 c.c., gelatine 15 grams, 10 
per cent HC 1 3 c.c., and potassium bromide 8-4 grams. 
Then add the following solution, similarly heated to 
43 0 C.: water 50 c.c., silver nitrate 10 grams. The 
whole is kept at 43° ('. for about quarter of an hour. 
Next, cool quickly and allow the mass to set. The 
latter is then broken up, tied up in an open textured 
cloth bag, and washed in running water for at least 
two hours. The bag is then taken out and the water 
allowed to drain off. Finally, the mass is emptied out 
and melted up again with the addition of a further 
15 grams of gelatine. The emulsion so obtained is now 
ready to be joined on to its support. 

Warm up a sheet of the plastic material to not more 
than 40° C., and dust the surface with whiting. Rub the 
surface careful^ till all traces of grease have disappeared 
from it. Dust away the excess of the whiting, and then 
pour on the emulsion. Its spreading can be assisted 
with a glass rod, and by tilting the sheet. At the end 
of this process lay the sheet horizontal in a dust-free 
place to dry. 
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In order to obtain a print allow a prepared sheet to 
soak for 20-30 seconds in a solution of xoo c.c. water 
1 c.c. sulphuric acid, and 5 grams alum. Sec that the 
surface is well moistened, and them press the sheet into 
contact with the fracture with the fingers. Loosen 
the print after about 12 seconds, or longer if the steel 
has a very low sulphur content. For larger surfaces 
it is best to make the prints in sections. Fixing may 
be done in the usual way, but, as there is a certain risk 
involved of the emulsion coming away from the sheet 
this stage is generally omitted. It is sufficient to wash 
the print carefully for a few minutes, and then allow 
it to dry. The solution and the steel should not be 
hotter than 20° C., as otherwise the gelatine may easily 
melt. A little practice is necessary to learn the printing 
technique. 

The prints taken direct from fractures are consider¬ 
ably darker than those from sectional surfaces. 

In 1919 Portevin tried to carry out Rogers' method, 
but was not successful because the emulsion came away 
from the support. After various trials with other sup¬ 
porting media he found that hectograph jelly formed 
a suitable plastic base from which the emulsion did 
not come loose. (Roller composition, obtainable from 
printers, is probably still better). 

f :i part gelatine 
Plastic mass \ 2 parts water 

( 4 parts glycerine 


The gelatine 1 is allowed to swell in the water, then 
melted on a water-bath and the glycerine added. 
To make the mass opaque, so that the contrasts in the 
print appear stronger, 50 per cent of barium sulphate 
can then be added, but this is not really essential. 

Silver Bromide Emulsion— 


Solution A 


{ Witter * 

Gelatine 

Hydrochloric acid 
Potassium bromide 


30 c.c. 

3 grams. 
1 drop 
1 *6 grams. 


1 It is possible to use glue instead of the gelatine. 
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The gelatine is dissolved in the water on a water- 
bath, then the other additions are made. 

Water . 15 e.c. 

Solution B Silver nitrate 2 grams. 

Solution B is poured into A, the mixture stirred, and 
then cooled in a large clock-glass or a photographic 
dish. When it sets it is cut up with, a liorn-bladed knife 
or the like into about I cm. strips, which are then 
subjected to a thorough washing. This can be con¬ 
veniently done by putting the emulsion into a porcelain 
or earthenware teapot, which is closed with a layer of 
thin cloth. The spout is then connected to the water 
supply with a piece of rubber-tubing, and a slow 
stream is turned on overnight. If the supply contains 
high percentages of iron or chalk the washing must be 
done with distilled water. At the end of this stage the 
emulsion is taken out, allowed to drain, then remelted 
on a water bath, with the addition of a further 3 grams of 
gelatine, and finally poured over the surface of the 
hectograph jelly. When the emulsion has dried a piece 
of the jelly, suitable for the surface of the specimen, 
is cut off and soaked for 2 minutes in 3 per cent sul¬ 
phuric acid. Finally it is pressed into contact with the 
fracture for 1 minute. 

Macro-methods for Studying Cracks. While it is true 
that cracks can be shown up by such etching reagents 
as strong acids, etc., yet, as a rule, with these methods, 
they appear on a considerably exaggerated scale. More¬ 
over there is always a risk that, particularly in the case 
of really deep etching, cracks may form during the 
etching itself if the material is not entirely free from 
strain. 

It is reported 1 that treatment in saturated copper 
ammonium chloride solution ( cf . page 52) has been 
found very useful for discovering defects due to cracks, 
e.g. "flakes.” This method of etching does not widen 

1 From a Swedish works. 
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the cracks to any great extent, as is shown by the fact 
that, afterwards, they are often so extremely fine that it 
is necessary to use a lens to see them plainly. The speci¬ 
men should have a fairly fine structure, and is, there- 
fore, annealed or quenched and fully tempered before 
treatment. 

Keshian recommends a 10-15 per cent solution of 
nitric acid in water or alcohol for etching up fine cracks 

Homerberg employs a more superficial etching with 
a reagent to which some strong colouring matter is 
added. After etching the surface is rapidly dried and 
then watched for the reappearance of liquid as the 
specimen is warmed up. 

Hoke and others at the Bureau of Standards (19x5) 
worked out the following magnetic method for inves¬ 
tigations on fine cracks. 

The specimen, which must be as well polished as for 
microscopic work, is magnetized, and then immersed 
in a dish of kerosene containing fine iron-dust in sus¬ 
pension. The "cast-iron mud” from lapping discs is 
very suitable for the latter. The iron dust collects 
along the cracks because they cause discontinuities 
in the magnetic field. The specimen is subsequently 
washed in clean kerosene to free it from the excess of 
dust. 




CHAPTER IV 

micro-etciiing of iron and steel 

Introduction. In the micro-etching of iron and steel 
two different types of etching have to be considered, 
namely, etching to develop the general structure, and 
selective etching to show up any carbides present. 
The former type, which, in what follows, is designated 
"structure etching,” is carried out, as a rule, with acid 
etching reagents, e.g. nitric or picric acid, and by this 
means the grain-structure of the material is made 
visible. The latter type, which is subsequently called 
"carbide etching,” is done with alkaline solutions, 
which are usually mixed with an oxidizing agent, such 
as hydrogen peroxide, potassium ferricyanide, or potas¬ 
sium permanganate; electrolytic etching is also used 
occasionally. The carbides which occur are coloured 
in a characteristic manner, but the other grain structure 
of the material does not generally appear. According 
to Goerens (2) the size of the carbide particles has a 
definite influence on the etching result: thus, the 
cementite lamellae in pearlite are not coloured if their 
thickness falls below a certain limit. 

ETCHING OF IRON AND LOW CARBON STEEL 

The grinding and polishing of iron and low carbon 
steel requires great care because the surface very easily 
becomes cold-worked to a considerable depth, making it 
difficult or impossible for the true structure to appear on 
etching. Fig. 5 shows a soft iron which was prepared 
by hand-grinding on emery paper. After polishing the 
surface appeared to be flawless, but, on etching, the 
cold-worked structure was disclosed and this more or 
less obliterated the grain-boundaries beneath. Fig. 6 


79 



Xo llASDIiOOK (>!• KTCHISC 

shows the same material ground on a loud disc with 
emery and oil, but polished in the same way as the 
previous example. The structure here appears much 
clearer, but even yet not quite free from flaws. 

According to Palmer, if the specimens are etched 
immediately after polishing the result is often inferior 



Fig. 5 . Soft Iron Etched for 30 Seconds in 4 per Cent 
HN0 3 in Amyl Alcohol at 35 " C. 

Grain structure partially obliterated by “ latent '* grinding scratches; X 50 

to that obtained if they arc allowed to stand 24-48 
hours beforehand. 

The effects of the cold-worked layer formed during 
grinding and polishing can be partly eliminated by 
alternate etching and polishing. In using this method 
care should be taken that the first etching is 
relatively deep, and that subsequent attacks are suc¬ 
cessively diminished. The etching can be done equally 
well with picric or nitric acid dissolved in ethyl alcohol. 
With the latter acid, however, pits are easily formed 
round any non-metallic inclusions which may be 
present. According to a method worked out by the 
writer 1 this effect can be avoided if the nitric acid 
is used in amyl alcohol. The etching is carried out in a 

1 At the Government Testing Institute, Stockholm. 
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4 per cent solution kept at a temperature of about 70 
C., and the specimen is also heated <0 this temperature 
beforehand. The heating is best done by placing the 
etching-disli and the specimen together on an electric 
hot-plate provided with a variable rheostat. The first 
etching, for 40—60 seconds, is carried out, with advant- 



Improved appearance nf tin* structure an a result of nmr<* careful preparation 
of the specimen 

age previous to polishing, then the specimen is re¬ 
ground with the finest available medium, and polished. 
(A comparatively strong etching previous to polishing, 
in order to eliminate grinding scratches is also recom¬ 
mended by several other writers: Pulsifer, Homcrbcrg, 
and others.) The etching is carried out again for 
30 seconds, followed by repolishing. The process is 
repeated for the necessary number of times, and this, 
after some experience, can be judged from the appear¬ 
ance of the etched surface. With a carefully ground 
specimen about three etchings should be sufficient to 
obtain a perfect surface. The last etching is made 
somewhat shorter than the previous ones, e.g. it may 
be continued for about 20 seconds, and then the 
specimen is finally polished. 
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Picric Acid. 4 per rent, up to sat united, .solutions' 
of picric acid in alcohol arc very suitable for clear 
grain-boundary etching of ferrite. The time of etching 
is, however, relatively long, 2 10 minutes, and it is 
necessary for the surface of flu 1 specimen to be brushed 
continuously in order to obtain an even attack. Camp¬ 
bell recommends etching for 1 minute for showing 



Fig. 7 . Grain* hounhakv Ktching of Kick kith 

Etched with saturated solution of picric, acid in ethyl alcohol. Time, 3 min,, 
at room temperature; X too 

pearlite in wrought iron, and for 5 minutes for bringing 
up the grain boundaries. 

The action of picric acid on ferrite, appears to be 
that the iron is dissolved evenly and regularly from 
the surfaces of the various grains, but with different 
speeds for the individual grains, depending on the 
crystal orientation. As a result the surfaces of the 
grains will lie in various planes, which means that, 
under observation at high magnification, the grain- 
boundaries will not all appear alike, and that, further¬ 
more, they will be fairly thick. For magnifications up 
to 200 X, however, the. picric acid etch is very suitable 
and, within the grains, many fine details appear, which 
would be lost by using other reagents. 
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The rate of attack of the etching reagent depends to 
some extent on the grain-size of the material and its 
previous heat treatment. Thus the smaller the grain- 
size, the longer is the etching time. Fig. 7 shows an 
example of the etching of ferrite with picric acid. 

Nitric Acid. A 2 per cent solution in ethyl alcohol 
may be used with advantage for etching soft iron. The 



Fig. 8. Soft Iron Containing 0*02 per Cent C 
Cemcntitc at grain-boundaries. Elolusd fox- xo seen, in 1% HNO«j in ethyl 
aluoliol; x 500 

time of etching, which varies from 10 seconds to x 
minute, depends on the grain-size and purity of the 
material. Prolonged etching strongly attacks the fer¬ 
rite grains, and gives them a rough appearance; this is 
particularly the case with cold-worked material (even 
superficially cold-worked by grinding). 

For examining soft iron for the presence of free 
cementite a very short etching in a x or 2 per cent 
solution is recommended. 1 In this case a satisfactory 
etching time is usually 5-10 secs.; as a result, the grain- 
boundaries are only brought out very faintly, but the 
lines of demarcation between cementite and ferrite 

1 Communication from A. Lundgren, metallurgical engineer, Government 
Testing Institute, Stockholm. 
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can be clcariv made out at high magnifications. At 
example is given in Fig. H. 

A .4 per cent solution of nitric acid in (iso-) amy 1 
alcohol may bo said to be, in general, the best etchinj 
reagent for soft iron. At room temperatures gooi 
grain-boundary etching is obtained after about 3 
secs, to 1 minute. The roughening of the surfaces! 



Fig. 9. Ferrite in " Lancashire’* Ikon, showing Pronounced 
GRAIN-BOUNDARY 1 ETCHING BUT WlCAK GkAIN-CONTRAST 
Etched for 30 sec., in 4% HNO a in amyl alcohol at 25 30" C .; x 50 


the ferrite grains occurs much more seldom when using 
amyl- instead of ethyl-alcohol solutions. 

According to some results recently obtained 1 the 
etching effect developed by nitric acid in amyl alcohol 
is very closely connected with the temperature. At 
low temperatures this solution appears to have only a 
purely solvent action, which produces grain-boundary 
etching, while at higher temperatures it has a strongly 
oxidizing action, which results in grain-contrast etch¬ 
ing, because of the reaction products adhering to the 
surface. The transition between the two types of 

1 At the Government Testing Institute, Stockholm, in connection with 
investigations for the Technical Committee of the Association of Swedish 
Ironmasters. 
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action seems to occur at, or slightly above, ordinary 
room temperature. Thus, at o° C., a brilliant grain¬ 
boundary etching is obtained. In this case the etching- 
dish is placed on snow or ice, and the specimen is also 
cooled before treatment. If moisture should condense 
on the cold polished surface, a few drops of ethyl 
alcohol are placed on it before the specimen is trans- 



Fig. 10. Ferrite, showing Strong (train-contrasts with 
Modekatk G r a in-bound a r y Etching 
E tched for 30 see. in 4% UNO., in amyl alcohol at 35-40° C.; x 50 

ferred to the amyl-alcohol solution, because the latter 
only dissolves water slightly. The time of etching 
varies between 2 and xo minutes. An etching suit¬ 
able for about 500 diams. magnification usually takes 
3 minutes. After etching the surface should appear 
quite bright to the naked eye. A "matt” appear¬ 
ance indicates that the surface is cold-worked. If, 
finally, a weak grain-contrast etching is desired, 
suitable for photography, the specimen treated at 
o° C. is subsequently etched for about 30 seconds in 
the solution heated to 30-35 0 C. (Figs. 9 and 10.) 

On further increasing the temperature of the reagent 
the grain-contrast etching becomes more and more 
accentuated and, at 50° C., very strongly marked 


II l np /■ must; 


nmtr.isis an* obtained which, although very suitable’ 
for giuin counting, and su on. ait* much too great for 

photography. 

The etching at 70 mentioned in connection with 
tin* preparation of the .-peeiiuen. causes the formation 
of a uniformly thick, fairly loosely adherent, surface 
hint of oxidation products. Men* the various grains 
can hardly be distinguished because, at this tempera- 



Fin, it, Ferrite KrtuiKn am* Ordinary Room Temperature 
F ind for 3 mitt., with 5% picritwutUl m ethyl uhudiol, and thou for id sen., in cfl% 
utuumnium persulphate; x un>. (IJumiu of Standards) 

ture, the action of the etching reagent appears to be 
relatively independent of crystal orientation. 

Tincture of Iodine, and Copper-amnionium Chloride. Tinc¬ 
ture of iodine and copper-ammonium chloride are 
sometimes used for micro-etching, though they are 
definitely macro-reagents. Only a very short etching 
time is employed for micro-purposes. Nevertheless 
these etchants have no advantages over the others 
described here. 

Ammonium Persulphate. Like the two foregoing 
reagents, ammonium persulphate is, strictly, a macro¬ 
etching medium (cf. page 47). In micro-work, how¬ 
ever, according to Rawdon and Berglund, a very dilute 
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solution is often useful for lightly colouring Hie various 
ferrite grains after etching with picric acid. For this 
purpose a o*i~o*5 per cent solution in water is employed, 
and an etching time of 5 15 seconds. The solution 
should be cold or, at the most, not exceeding 30 35" ('.; 
at higher temperatures it very easily causes staining, 
Secs. 



Saturated Picric Acid 


Fig. 12. The Effect of the Temperature and Concentration 
of the Reagent on the Ktciung Time of Pkarlite 
in 0*30 per Cent Carbon Steel 
(Loskicwitj/*) 

particularly if the material contains slag. Fig. 11 shows 
an example of this type of etching. 

THE ETCHING OF NORMAL CARBON STEELS 

Solutions of picric or nitric acid in ethyl alcohol are 
generally employed for the structure etching of normal 1 
carbon steels. 

Loskiewicz has carried out an investigation on the 
relation between the time of etching and the temperature 
and concentration of the reagent in the case of both 

1 The term " normal ** is used here to mean normalized, annealed, etc. A 
later section is devoted to hardened and tempered steels* 

^—(5690) 
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the above etchants. Figs. 3 (page zi) and iz represent 
the results obtained. As regards the influence of the 
carbon content of the material on the time of etching 
of the pearlite, Loskiewicz found that, at a tempera¬ 
ture of 2o° the etching time fell to about half as 



Fig. 13 . The Effect of the Caubon Content ok the Steel 
on the Etching Time of Peak lit is at so" C. 

(I.uskiewic.z) 


the carbon rose from 0-30 per cent to 0-90 per cent. 
As the latter increased .still further up to 1-20 per cent 
the etching time then remained constant (Fig. 13). 

Picric Acid. Picric acid is used in 4 per cent, up to 
saturated, solutions in ethyl alcohol. It is reported 1 

1 Communication from a Swedish works. 
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that the etching up of (lie grain boundaries is made 
easier by the addition of i par rent UNO,, i’irria arid 
seems to give a somewhat clearer etching than nitric 
acid when the material concerned has a very fine or 
indistinct structure. 

According to the A.S.T.M. ’ a solution of picric aeid 
in absolute ethyl alcohol is the best etching reagent for 



developing the structure of pearlite. Goerens (i), 
however, recommends amyl alcohol as tlu* solvent. 

Nitric Acid. A i per cent solution in ethyl alcohol 
is probably the most usual, but 2, 3, 4, and 5 per cent 
solutions are also in general use. The weaker concen- 
trations are best for etching the structure of the pearlite, 
while the stronger are more suitable for grain boundary 
etching. For this latter purpose up to 10 per cent 
so utions are sometimes used. To etch up the pearlite 
and the grain boundaries simultaneously, 3-4 per cent 
solutions are chiefly employed. 

A mixture of equal parts of 1 per cent HN 0 3 and 

1 Proceedings, 1923, I, 924. 
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saturated picric acid in ethyl alcohol is sometimes 
advantageous for grain boundary etching. 

Boylston 1 recommends a 5 per mil solution in 
absolute ethyl or methyl alcohol for tin* general etching 
of normal carbon steels. Nitric acid is more; suitable 
than picric acid for etching ferrite occurring at grain- 
boundaries. 

A solution of nitric, acid in amyl alcohol, usuallj 
4 per cent, generally etches more uniformly and some 



Fig. 15. Roi.lmd Stkvx Containing 0*55 bur Cknt C, 

.Tilehed for On see,., tit o" C,, in 4% UNO a in utnyl alcohol y. 500 

what more slowly than the corresponding ethyl solu¬ 
tion, and it is preferred by tlu; writer for all etching of 
carbon steels. Fig. 14 shows an example of spheroi- 
dized cementite etched with this reagent. For photo¬ 
micrography, etching for x minute in the reagent cooled 
to o° C. has been found to be an advantage for pearlitic 
steels because, in this method, the pearlite areas only 
acquire various shades of brown. At higher tempera¬ 
tures, and on etching in ethyl alcohol solutions, these 
areas often show variegated colours which give a faulty 
impression when photographed. Fig. 15 shows a steel 

1 A.S.S.l \ Handbook, 1929, 



micko-htcuish <>t- u«>s \\i> s //. • »« 

containing o* 5 5 l )( ' r c< ■ ( ‘ 4 1 » « 1 r ” r 1 n»iii.it.* ul « > < • 

(The plate has boon drveh jjm-u by, sh t/alh'd, <nviut*d 

development.) 1 _ . 

Etching in a solution healed to 50 <10 ( . is a wry 
convenient way of showing Iron cement ite in hyper- 
eutectoid steels, and also for observing small amounis 
of the former in soft iron. In Ibis method of etching 
the ground-mass is darkened, hut i he cementite remains 
clear. Fig. 16 shows an example of this etching applied 



Fi<;. i<‘>. c'AUBUttt/,Hi> “ Armco m Ikon 

Etched for 30 see., at 35'’ iu jUNO^iu amyl alcohol, 


to a carburized material. The eementite network can 
be clearly observed. 

Metanitrobenzol Sulphonie Acid. According to a com¬ 
munication received from do Reyna and Daernis, a 
5 per cent solution in alcohol is used in the Altos 
Homos iron-works, Viscaya, Spain, for unhardened 
steels. (For its use with hardened steel see page 99.) 
The pearlite appears blue, and with irridescent colours. 

Iodine Solution. A solution of 5 grams iodine in 100 
c.c. ethyl alcohol was introduced by Osmond 2 for etching 

1 The plate is developed for one minute in a developer without alkali, and 
then transferred to another dish containing a solution of alkali in water. 

2 A.S.S.T. Handbook, 1929. 
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iron and steel. Stead 1 recommends a solution of j. 2 j 
grams potassium iodide and 1-25 grams iodine in 
c.c. water, the mixture being made up to 100 c.c. with 
alcohol. 

These etching reagents are seldom employed at the 
present time. 

Potassium Bitartrate. Le (‘hatcher 1 lias proposed a 
solution of potassium bitartrate for identifying ferrite 
which is blackened by the reagent. 

Carbide Etching. According to Groesbeck (3) iron 
carbide is darkened after 5-10 minutes etching in a 
boiling 5 per cent solution of potassium or sodium 
hydroxide. Stronger solutions blacken the cementite 
more quickly but, at the same time, discolour the 
ground mass. Long continued etching with a very 
strong solution, 50 per cent for example, results in the 
carbide being wholly or partly dissolved away, leaving 
holes behind. A cold solution does not colour the car¬ 
bide in up to 30 minutes etching. Oxygen, whether 
led in as a gas, or “nascent” (e.g. from added hydrogen 
peroxide), seems to have no effect on the etching 
result. 

Alkaline Sodium Picrate. This etching reagent was first 
proposed by Ischewsky. It is prepared by mixing equal 
parts of a cold saturated aqueous solution of picric 
acid, and a 50 per cent solution of caustic soda. 

Another common method of preparation consists 
of adding 2 grams picric acid to a solution of 25 grams 
NaOH in 75 c.c. water, and warming the mixture until 
the picric acid is dissolved, then diluting with water 
to 100 c.c. 

The solution is used nearly boiling, and the specimen 
is etched in it for 5-15 minutes. The liquid should be 
maintained at its original volume. 

According to Loskiewicz a boiling solution of 5 
grams picric acid and 20 grams NaOH in xoo c.c. water 

1 A.S.S.T. Handbook , 1929. 
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rives incipient colouring to cementite in 2 minutes, 
and a dark-brown shade in not more than 20 minutes. 

According to Grocsbeck (3) it seems that the action 
of the sodium picrate on cementite can be ascribed 
mainly to the presence of free alkali, because a neutral 
picrate solution (cf. page 118) does not blacken the 
carbide after 60 minutes etching in the nearly boiling 
liquid. 

Alkaline Solution of Sodium Benzoate. Thompson and 
Whitehead state that iron carbide is blackened by a 
boiling alkaline solution of sodium benzoate, prepared 
by dissolving 6-3 grams benzoic anhydride and 20 
grams NaOH in 100 c.c. water. 

Groesbeck (3) finds that this solution behaves simi¬ 
larly to alkaline picrate solution, although more slowly. 
30-45 minutes etching blackens coarsely laminated 
pearlite, but spheroid ized cementite is only faintly 
coloured. Groesbeck attributes the slower action of the 
reagent to its lower alkalinity. 

Alkaline Solution of Sodium Plumbate. Loskiewicz reports 
that a solution of 5 grams PbO and 20 grams NaOH 
in xoo c.c. water, acts in a similar way to the foregoing 
reagent. 

For etching cementite, Thompson and Whitehead 
used a solution of equal parts of 10 per cent lead nitrate 
solution and 50 per cent caustic soda. This is described 
by them as Le Cliatelier’s carbide etching reagent. 
According to Groesbeck (3) the iron carbide is coloured 
after 5-10 minutes in the hot solution. 

Alkaline Potassium Ferricyanide. Murakami’s reagent. 

Potassium ferricyanide 10 grams. 

Sodium hydroxide . 10 grams. 

Water ... 100 c.c. 

Cementite is coloured after 5-10 minutes in the boil¬ 
ing solution. However, other carbides occurring in 
steels are darkened or, more correctly, dissolved out, 
considerably more rapidly than the iron carbide (cf. 
page 108). 
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Daeves changed the amount of the ferricyanide as 
follows— 

Potassium ferrieyanule .... 20 grams. 

Sodium hydroxide ..... ,1 o grams. 

Water ....... 100 c.c. 

Loskiewicz reports that the nearly boiling solution 
colours cementite in 3 -15 minutes. Over-etching causes 
deep pitting. There does not seem to be any great 
difference between Murakami’s and Daeves’ reagents 
as regards their action on iron carbide. 

Alkaline Potassium Permanganate. 

Potassium permanganate ... 4 grams. 

Sodium hydroxide ..... j gram. 

Water ....... 100 c.c. 

According to Groesbeck (3) the above solution, used 
nearly boiling, has an etching action which almost 
coincides with Murakami's and Daeves’ reagents. Pos¬ 
sibly somewhat sharper definition is obtained with the 
permanganate. The etching time for cementite is 5-10 
minutes. More strongly alkaline solutions, e.g. with 4 
grams NaOH, reduce the time to 3 -5 minutes. 

Alkaline Potassium Copper Cyanide. Thompson and 
Whitehead found that alkaline potassium copper 
cyanide blackens cementite. A solution is prepared by 
adding 10 per cent potassium cyanide solution to 10 
per cent copper nitrate until the precipitate first formed 
changes its colour to yellowish-green, with evolution 
of cyanogen (Note. Danger!), and is finally redissolved. 
The etching reagent is made from this solution by 
adding an equal volume of 50 per cent caustic soda. 

With the hot reagent iron carbide is coloured in 1-5 
minutes. Groesbeck (3) finds that this etchant yields 
better results than the alkaline picrate solution in 
general use; both lamellar pcarlite, and spheroidized, 
as well as free, cementite are distinctly coloured by it. 
Even finely divided sorbitic cementite is blackened, 
while the ground-mass remains light and uncoloured. 
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The only disadvantage is the poisonous nature of the 
reagent. 

Electrolytic Etching. According to Groesbcck (3) iron 
carbide is not attacked by electrolytic etching in either 
10 per cent soda solution or xo per cent caustic soda, thus 
distinguishing it from other carbides occurring in steels 
(cf. Table V, page in). 

Heat Tinting. Groesbcck (3) states that on tempering 
a polished surface at about 300° C. for 30 minutes 
cementite acquires a reddish-brown tint, while other 
carbides remain uncoloured. The ground-mass turns 
brown to blue, depending on the composition of the 
steel. 

ETCHING OF HARDENED, AND OF HARDENED 
AND TEMPERED STEELS 

A 1 per cent solution of hydrochloric acid in ethyl 
alcohol was proposed by Martens and Heyn in 1904 
as an etching reagent for hardened steels. It may be 
used with advantage for steels merely hardened, or 
hardened and then tempered at a low temperature. 
According to the A.S.S.T. Handbook, 1 volume of the 
above solution can be diluted with 5 vols. distilled 
water and used for electrolytic etching with a weak 
current. 

Hydrochloric Acid and Nitrophenol. 

Solution A . Saturated solution of ortlxonitrophenol in 
ethyl alcohol. 

Solution 15 . 20% cone., HC 1 in amyl alcohol. 

Kourbatoff recommends a mixture of 1 vol. A with 
2 vols. B. With this reagent martensite needles and 
troosto-sorbite are coloured. 

Nitric Acid in Ethyl Alcohol. Nitric acid in various 
concentrations in ethyl alcohol is probably the most 
widely used etching reagent both for hardened and 
unhardened steels. The relation of the etching action 
to the concentration of the reagent, and the time of 
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etching is evident from Fig. 17 (after Loskiewicz). 
Sorbite and troostitc are attacked considerably more 
rapidly than martensite. Therefore, in steels contain¬ 
ing these constituents together, the two former will be 



Saturated Picric Acid 


Fig. 17. Etching Times, at O., fur ‘Pkarute, Sorbite, 
XrOOSTITJC, AND MaRTKNSITK IN 0-90 PER. Cent ('akhon Steel 
(L oskii'wio.z) 

very much over-etched before the structure of the 
martensite appears. 

The etching effect of nitric acid on hardened steel 
depends to a large extent on the formation of a rela¬ 
tively loosely adhering, coloured surface film. The 
various structural constituents react at different speeds, 
hence colours varying from pale yellow to brown and 
black are obtained, according to the time of etching. 
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■ -\vhen the colour as a whole begins to appear dark 
brown the surface layer is, in general, of such a thickness 
that the details of the structure are almost lost. Since 
the coloured film adheres quite loosely to the surface 
of the specimen, the latter must not be wiped after 
etching but dried freely, e.g. with an air-blast, after 
washing in hot water and alcohol. 

After such etching the martensite needles appear 
dark against a lighter background. By wiping the 
surface under water after etching, or even by a brief 
and careful hand-polishing on a moist cloth, the mart¬ 
ensite can be made to appear light against a darker 
background. This method, however, requires about a 
50 per cent longer time of etching than when the 
specimen is not wiped. As a rule it is best not to use 
it when the specimen contains martensite and sorbite 
or troostite simultaneously. 

Owing to the great difference in the etching times of 
martensite and troosto-sorbite, nitric acid dissolved in 
ordinary alcohol is, as previously pointed out, not very 
suitable as an etching reagent when these constituents 
are found together in one and the same specimen. 

Boylston 1 particularly recommends 1 per cent nitric 
acid in absolute ethyl alcohol for etching steels contain¬ 
ing martensite or troostite. 

Nitric Acid in Amyl Alcohol. For hardened and tempered 
steel, and also for steels containing martensite and 
sorbite or troostite together, the 4 per cent solution of 
nitric acid in amyl alcohol, introduced by Kourbatoff, 
is considerably more suitable than solutions in ethyl 
alcohol. After 5 minutes etching, troostite and sorbite 
appear brown to black, or frequently greenish, while 
austenite is yellow, and martensite remains uncoloured. 

Nitric Acid in Glycerine. Kourbatoff has prepared a 4 per 
cent solution of nitric acid in glycerine for distinguish¬ 
ing between austenite and martensite. 


1 A.S.S.T. Handbook. 
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Hydrochloric Acid -|~ Acetic Anhydride in Mixture of Alcohols 

Kourbatoff recommends the following for etching sorbite 
and troostite—- 

Solution A a vol. methyl alcohol. 

a vol. ethyl alcohol, 
ol. iso-iunyl alcohol. 

>1. butyl alcoliol. 

Solution B 4'} HNO s in ueotie anhydride. 

7 vol. of Solution A are. mixed with 3 vol. of B immediately before use 
With up to io minutes etching this reagent only colours sorbite and troostite 

A modification of the above is - 

Solution A . i vol. iso-amyl alcohol. 

i, vol. ethyl alcohol, 
i vol. nudity I alcohol. 

Solution B . 4% fI NO,, in acetic anhydride. 

3 vol. of Solution A are mixed with i vol. of Solution B immediately before 
etching. Colours troostite and sorbo-troostite. 

Nitric Acid and Nitrophenol. According to Kourbatoff 
the various micro-constituents of hardened steel are 
well differentiated by the following reagent. 

Solution A . 4% UNO., in ethyl alcohol. 

Solution B . Saturated solution of ortho-nitrophenol in 
ethyl alcoliol. 

i vol. of A is mixed with 3 vol. of B. 

Nitric Acid and Nitraniline. Given in the A.S.S.T. Hand¬ 
book. 

Solution A 4% IINO., in ethyl alcohol. 

Solution B Saturated solution of nitraniline in alcohol. 

Mix x vol. of A with 3 vol. of B. 

Picric Acid, x per cent picric acid in ethyl alcohol is 
recommended by Greene for etching sorbitic and troos- 
titic steels. With this reagent the troostite appears 
lighter, and has a clearer structure, than after etching 
with 2 per cent UNO., in alcohol. The sorbite also 
develops a clearer structure than after using other 
etchants. Similarly the structure of the martensite is 
brought out. 

According to Archer, and also Pulsifer and Greene, 
it appears to he possible to produce grain-boundary 
etching, to some extent, in hardened steel by a long 
etch with 4-5 per cent picric acid in alcohol. After 
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etching, the surface film formed is removed by careful 
polishing by hand on a moist cloth. Probably the best 
result will be obtained by gently rubbing the specimen 
for the whole of the etching period so that no film has 
the opportunity of forming. 

Picric Acid and Nitric Acid. Kourbatoff recommends a 
preliminary etching for 2 seconds in 4 per cent alco¬ 
holic picric acid, followed by 10 seconds in 5 per cent 
! HN 0 3 in isoamyl alcohol. Troosto-sorbite is coloured 
brown, and the heterogeneity of troostite is easily ob¬ 
served. Martensite acquires a bluish tint, and austenite 
turns orange. 

The same writer states that an equally good etch is 
obtained with a mixture of 10 volumes of 4 per cent 
HN 0 3 in methyl alcohol and 1 volume of 4 per cent 
picric acid in ethyl alcohol. Ten minutes etching 
colours sorbite, troostite, and the needles of martensite. 

Metanitrobenzol Sulphonic Acid. Proposed by Benedicks 
(1) as a 5 per cent solution in ethyl alcohol. Colours 
martensite more strongly than austenite. 

The latter is coloured brown by this reagent. With 
picric acid, of course, this is not the case (cf. pages 91 
and 116). 

Sulphurous Acid. According to Hilpert and Colver- 
Glauert a 3-4 per cent solution in alcohol or water is 
prepared as, and when, required from a saturated 
stock solution of SO a (about xo per cent) in water. For 
the aqueous solution the time of etching is 7 seconds 
to 1 minute, depending on the material, and several 
minutes in the case of the solution in alcohol. The 
specimen is immersed in the liquid with the polished 
surface upwards and, when the latter appears matt, 
it is taken out, washed in water and alcohol, and dried 
in an air-blast. 

The etching effect is somewhat similar to that ob¬ 
tained by heat-tinting except that, instead of an oxide 
film, a thin layer of iron sulphide is formed. This 



IOO 


HANDBOOK OF ETCHING 


reagent is recommended for hardened steels when it is 
desired to etch up the austenitic polygonal structure 
together with the martensite, the latter acquiring a pale 
blue colour and showing its needle structure. Manga¬ 
nese sulphide is stained dark blue by this etchant. 
It can only be used with unliardened or incompletely 
hardened steels if these art; of eutectoid or hypereutec- 
toid composition because the presence of free ferrite 
causes local pitting. 

Ferric Chloride. Ischewsky mentions a solution of 5 
per cent of ferric chloride in alcohol for etching hard¬ 
ened steels, but points out that the action is very strong 
even more so than with iodine solutions. 

Carbide Etching. The use of alkaline sodium picrate 
has already been described under normal steels (cf. 
page 92). 

Nitric Acid in Methyl Alcohol and Nitrobenzol. A fuller 
description of this etching reagent will he found on 
page 114. It is recommended by Pilling for hardened 
steels because, although scarcely touching austenite, 
martensite, ferrite, or silico-ferrite, it attacks free car¬ 
bide satisfactorily. Troostite is darkened, though not 
so much as with the usual acid reagents. Martensite 
is attacked very slowly. 

It is very suitable for determining the presence or 
absence of free carbide, though in a. few eases, it may 
happen that the martensite is also blackened by the 
reagent. 

THE ETCHING OF CONSTRUCTIONAL ALLOY 
STEELS AND IRONS 

The low-alloy special steels do not differ essentially 
in their etching properties from the ordinary carbon 
steels. For etching them the same reagents as for the 
latter steels are generally used (if. page 87). As a 
rule, however, the time of etching has to be increased 
as the percentage of alloying element rises. 
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Structure Etching. “Hutto” states that 4 per cent 
picric acid in ethyl alcohol is often more suitable than 
nitric acid for etching special steels. Sometimes it 
may be an advantage to put 2 drops cone. HC1 in 
every 25 c.c. of the picric acid solution. 

Kalling recommends nitric acid in ethyl alcohol for 
etching low-chromium steels. 

According to Pulsifer and Greene, the grain-bound¬ 
aries of the austenite in hardened nickel-chrome steels 
can be etched up by Archer’s method (alternate polish¬ 
ing and etching) with a 4 per cent solution of picric 
acid in ethyl alcohol, followed by the removal of the 
carbon-rich layer which is formed on the surface. 
Usually several minutes are required for etching, but 
the process must be watched continuously because 
over-etching of only 30 seconds results in an indistinct 
structure and numerous etch-pits. After etching the 
specimen is washed in alcohol, and kept moist with the 
latter while it is rubbed by hand on a polishing cloth. 
Finally, it is washed in hot water and dried in a powerful 
air-blast. 

Carbide Etching. Westgren, Phragmen, and Negresco 
report that alkaline picrate does not always blacken the 
cementite of high chromium content found in ball¬ 
bearing steel. 

Pilling’s reagent (cf. page 114) is generally an excel¬ 
lent means of showing up free carbides in special steels. 

HIGH CHROMIUM STEELS. STAINLESS AND 
HEAT-RESISTING STEELS 

According to Kalling the choice of the etching reagent 
is of great importance when investigating high chromium 
steels. Thus, when using several of the common reagents, 
e.g. HC1, it has been found that austenite, and in 
certain cases even martensite, etches in very much the 
same way as ferrite, so that the distribution of the 
former is not clearly defined. 
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Hydrochloric Acid. Railing and Pago Is have used a 
50 per cent solution of HC 1 in ethyl alcohol for etchin? 
chromium steels. 

It is reported that a 10 per cent solution in alcohol 
can be used for stainless material. 1 The time of etching 
for the annealed steel is 3 -4 minutes and, f or the 
hardened, 20-30 minutes. 

Hydrochloric Acid and Ferric Chloride. According to the 
A.S.S.T. Handbook the; following solution can be used 
for etching stainless steels- - 

Ferric chloride. . . . . ro grams. 

Hydrochloric acid, cone. .... 30 e.c. 

Water . . . . . . ‘ . 120 c.c. 

The surface of the specimen is swabbed with cotton¬ 
wool saturated with the reagent. As a rule the etching 
time is not over 30 seconds. By diluting, a slower action 
is obtained. With a very dilute solution the etching 
can be performed electrolytically. This reagent was 
proposed by Curran. 

The same authority also quotes a saturated solution 
of ferric chloride in hydrochloric acid, to which has 
been added a little nitric acid. 

Hydrochloric Acid and Nitric Acid. The A.S.S.T. Hand¬ 
book mentions “aqua regia ” f<>r etching stainless steels— 

Hydrochloric acid, cone. . ... 3 vol. 

Nitric acid, cone. ..... i vol. 

The mixture should stand at room temperature for 
24 hours before using. It etches extremely rapidly, 
and therefore requires careful handling. 

Parmiter recommends the following mixture, which 
is used at ordinary temperatures. 

Hydrochloric acid (sp.gr. i-rh) . . . 4 parts 

Nitric acid (sp. gr. .... 3 parts 

Water .... ... 4 parts 

According to Vilella (t) the best etching reagent for 

1 Communication from a Swedish works. 
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iron-chromium alloys, low or high in chromium, is 
"aqua regia” in glycerine'. 

Nitric acid ..... r vol. 

Hydrochloric acid .... 2 vol. 

Glycerine ..... 3 vol. 

In preparing the solution the acids arc added 
separately to the glycerine. The reagent should be 
freshly made, as it becomes useless as soon as it acquires 
a strong colour of chlorine. 1 

For a specimen with low carbon content, repeated 
polishing and etching must be carried out to bring up 
the true structure. A time of about 30 seconds is used 
for the first etch. This etching reagent brings out the 
elaborate details of the structure better than any other 
reagent known at present, and Vilella specially recom¬ 
mends it for austenitic steels. Just before etching, the 
specimen is warmed slightly in hot water. The reagent 
is also applicable to iron-chromium alloys containing 
Al, W, V, or Mo. A modification of the above solution, 
more suitable for iron-chromium alloys low in carbon, 
and for partially austenitic alloys, is given by the 
A.S.S.T. Handbook as follows--- 

Nitric acid ...... i vol. 

Hydrochloric acid ..... 3 vol. 

Glycerine ...... 2 vol. 

The same authority quotes the following modification 
(by Vilella) of the reagent. This is well adapted for 
fully austenitic iron-chromium alloys, with or without 
other alloying elements such as Ni, Mn, etc. 

Nitric acid ...... x vol. 

Hydrochloric acid ..... 2 vol. 

Glycerine ...... 2 vol. 

Hydrogen peroxide (3% ?) ... 1 vol. 

The amount of hydrochloric acid can be altered 
according as the reagent is found to etch too quickly 
or too slowly. The method of alternate polishing and 
etching should be used to get the best result. 

1 According to the writer’s experience, some caution must be observed 
with glycerine solutions containing nitric acid because of the possibility ot' 
the formation of nitroglycerine. 

8 --(5690) 
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Hydrochloric Acid and a Copper Salt. According to the 
A.S.S.T. Handbook the following reagent has been 
proposed by Marble for etching stainless material— 

Copper sulphate • • * * • 4 grams. 

Hydrochloric acid ..... 20 c.c. 

Water.. cx. 

Railing reports that the various structural constitu¬ 
ents can be particularly clearly discriminated with a 
reagent composed of— 

Cupric chloride _. 5 grams. 

Hydrochloric acid . i oo cx. 

Ethvl alcohol.. 

Water . . • • • * * 00 c.c. 

The most suitable amount of MCI varies somewhat 
according to the composition of the steel, and its treat¬ 
ment. Railing states that this etchant can be used with 
advantage for all steels containing more than 5 per 
cent chromium. 

The etching action appears to be that ferrite is 
attacked and copper deposited upon it while the car¬ 
bide remains unaltered. Austenite usually remains 
after etching as light as the carbide, hut martensite 
always etches darker than ferrite. Hence, if the aus¬ 
tenite has undergone a partial transformation into 
martensite it may acquire approximately the same 
colour as ferrite, and, therefore, be rather difficult to 
distinguish from the latter when occurring with it. In 
such cases it is generally possible to develop an in¬ 
creased colour contrast between the two phases by 
slightly changing the. copper content of the etching 
solution. With Railing’s reagent it is possible to detect 
the merest traces of austenite. 

Hydrochloric Acid and Mercurous Nitrate. The A.S.S.T. 
Handbook mentions the following reagent for etching 
stainless steels— 

Hydrochloric acid.loo parts 

Mercurous nitrate ..... 7 P JUrts 

Water.*oo parts 

It is warmed to effect solution but used cold. 
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Electrolytic Etching. According to the A.S.S.T. Hand¬ 
book a o*5 per cent caustic soda solution is occasionally 
useful for the electrolytic etching of high chromium 
steels. 

As also mentioned in the. above, the process can be 
carried out in a dilute solution of ferric chloride and 
hydrochloric acid (Curran). 

Furthermore, reference should be made to Velguth's 
electrolytic etching method for nickel-chrome described 
on page 142; in all probability this method would give 
successful results with chromium steels as well, but 
information on this point is lacking. 

Carbide Etching. Groesbeck (3) states that chromium 
carbide is not coloured by cither cold or boiling alkaline 
hydroxide solution after etching for up to 30 minutes. 
Concentrated solutions, however, discolour the entire 
surface of the specimen. 

Guillet, Murakami, and Groesbeck (3) agree in report¬ 
ing that alkaline picrate solution does not blacken 
chromium carbide. 

Murakami’s Carbide Etching Reagent. According to in¬ 
formation received 1 this reagent is very useful for 
showing the carbides formed on annealing chromium 
and several other steels. As regards its composition, 
see page 93. The time! of etching varies between 15 
seconds and 3 minutes. Daeves reports that, at ordin¬ 
ary temperatures, the carbide phases in the eutectic 
in high-chromium carbon steels are also etched up. 

Alkaline Potassium Permanganate. The reagent intro¬ 
duced by Groesbeck (cf. page 94) acts on chromium 
carbide in the same way as Murakami’s reagent. In 
the boiling solution the time of etching is 1 minute. 

Electrolytic Etching. According to Groesbeck (3) 
chromium carbide is attacked by electrolytic etching 
in 10 per cent soda solution as well as in sodium cyanide 
(see later, page in). 

1 Communication from a Swedish works. 
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HIGH NICKEL STEELS 

For high nickel steels the etching reagents described 
for chromium steels can, in the majority of cases, be 
employed. Occasionally it is also possible to use those 
proposed for nickel itself (cf. page 140). 

The A.S.S.T. Handbook quotes the following as an 
etching reagent for austenitic nickel steels— 

Ferric chloride. . • • • 5 grams. 

Hydrochloric acid ..... 50 e.c. 

Water ....... too c.c. 

The practice at one .Swedish steel works is to etch 
high nickel steels with xo per cent ammonium persul¬ 
phate. A x per cent solution of IT Cl in ethyl alcohol 
has been found useful for the grain-boundary etching 
of austenitic steels; slight relief-polishing is often an 
advantage. 

According to Benedicks (2, 3) tire presence of small 
amounts of the a-phase in “invar” alloys may he 
demonstrated by the method described on page 32, 
in which the surface of the specimen is first coated with 
a film of gelatine which is then hardened. After the 
treatment of the specimen in dilute acid, the iron-rich 
a-phase is "indicated” with a solution of potassium 
ferrocyanide which causes the appearance of local blue 
colorations in the gelatine film. 

HIGH MANGANESE STEELS 

Vilella states that the etching reagents containing 
glycerine devised for chromium steels (cf. page 103) are 
suitable for bringing out -flic' structure of Hadfield’s 
steels. 

Belaieff shows that a good indication of the structure 
of hardened manganese steel can be obtained by etching 
first with 3 per cent nitric acid in ethyl alcohol, and 
then with Le Chatelier’s No. x reagent- (cf. page 57). 
The precipitated copper is dissolved off by treatment 
with strong ammonia. Belaieff states that the original 
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dendritic cores of the austenite grains ran he distin- 

'ohok report that tlie dendritic 
structure of cast: manganese steel can he etched up, as 
a rule, by hot alkaline sodium pierute solution. This 
method, however, is considered to he hardly better 
than etching with some of the coppercontaining macro- 
etching reagents, e.g. Stead's (</. page 55). 

Carbide Etching. For indicating carbides in manga¬ 
nese steels, Filling’s solution (<;/'. page 114) may be 
recommended, because it only etches the carbide net¬ 
work, and gives no sign of the distinctive banded 
appearance, due to manganese segregation, which is 
often brought out with other reagents. 

HIGH SPEED AND OTHER HIGH TUNGSTEN STEELS 

For annealed high-speed steel, Gill and Bowman 
recommend structure etching with picric acid, and, 
for the hardened material, a 0 8 per cent solution of 
nitric acid in ethyl alcohol. 

Amberg states that 5 per cent nitric acid in ethyl 
alcohol, with an etching time of about xo minutes, is 
very suitable for grain-boundary etching. In the case 
of high-speed steel, which has been hardened from a 
high temperature, and not subsequently tempered, 
only a polyhedral structure is obtained with the above 
reagent. In the hardened and tempered steel, however, 
a martensitic structure appears. 

In those cases where only a polyhedral arrange¬ 
ment comes up on etching with nitric acid, Amberg 
has found that etching for half to one minute with 
the following solution often develops a martensitic 
structure— 


guished. 

Sauveur and 


Kriv 


Hydrochloric acid . . , . . 20 c.c. 

Water • . . , . , . ,15 c.c. 

Ethyl alcohol . . . . . 65 c.c. 

Cupric chloride . . . . . 1 gram. 
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The time of etching is increased as the proportion of 
hydrochloric acid is diminished. 

Enlund 1 states that this reagent is neither more 
convenient nor better than HNO» in alcohol. He con¬ 
siders that Amberg’s result was due to the specimen 
not being etched until some considerable time after 
polishing. Sonic martensite had meanwhile been formed 
in the surface layer- of the metal, and it would, therefore 
have appeared just as clearly if the etching had been 
carried out with nitric acid for example, instead of the 
above solution. 

Hultgren reports that the structure of high-speed 
steel is brought out by "heat-tinting.” 

The A.S.S.T. Handbook states that Vilella’s reagent 
for chromium steels (cj. page 103) can also be used for 
high-speed steels. 

Carbide and Tungstide Etching. According to Groes- 
beck (3) iron tungstide is blackened in .1, -5 minutes by 
cold 10 per cent alkaline hydroxide solution. The iron- 
tungsten-carbide in high-speed steel is blackened in 
about xo minutes, but tungsten carbide is not darkened 
in up to 30 minutes etching. 

The boiling solution blackens iron tungstide in 1 
minute, but iron-tungsten-carbide is not blackened any 
more rapidly than in the cold solution. Tungsten 
carbide is not affected by the boiling reagent. 

Alkaline Solution of Sodium Pierate. Hultgren states 
that iron tungstide is darkened more rapidly than iron 
carbide by the hot solution, while tungsten carbide is 
not so affected. This is confirmed by Groesbeck (3). 
The latter finds that imn-tungsten-earbide is blackened 
in i-f minutes, and iron tungstide in 2 minutes. 

Murakami’s Etching Reagent. According to Groesbeck 
(3) this reagent should be freshly prepared when etch¬ 
ing tungsten steels (cf. page 93). A steel containing 
about 3 per cent Cr, x8 per cent W, and 0-6 per cent C 

1 Private communication. 
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is etched by the cold solution in 15-20 seconds, and the 
carbides and tungstides arc coloured brown to black, 
while the matrix remains uncoloured. 

Groesbeck also reports that, in the boiling solution, 
tungsten carbide is blackened in 30 seconds, and iron 
tungstide and iron-tungsten-carbide in 60 seconds. 

The action of the alkaline potassium permanganate, 
proposed by Groesbeck (cf. page 94), is absolutely 
identical with that of Murakami’s reagent. 

It has also been reported that Daevcs’ solution (cf. 
page 94) used hot, gives a sharply defined colouring 
of the secondary cementite, and of the cementite 
lamellae of the pearlite, in tungsten steels. 

Alkaline Potassium Copper Cyanide. Groesbeck (3) states 
that Thompson and Whitehead’s solution (page 94), 
when' hot, colours iron tungstide and iron-tungsten- 
carbide in \ to 3 minutes. Tungsten, chromium, and 
vanadium carbides are not coloured. Iron carbide is 
coloured, but only relatively slowly. 

Yatsevitch’s Etching Reagent. Yatsevitch has proposed 
the following reagent— 

Hydrogen peroxide (3%) . . . . 10 c.c. 

Sodium hydroxide (10% solution) . . 20 c.c. 

With an etching time of 10—21 minutes, tungsten 
carbide in high-speed steel is attacked, but iron carbide 
is not. During etching the gas-bubbles which form 
should be removed from time to time by brushing. 

Groesbeck (3) finds that iron tungstide in carbon- 
tungsten steels is blackened in 1 minute, and iron- 
tungsten-carbide in high-speed steels in 3-5 minutes. 

Neutral Solution o£ Sodium Picrate. Neutral sodium 
picrate is prepared by adding a saturated aqueous solu¬ 
tion of picric acid to a strong solution of caustic soda, 
whereupon a yellow precipitate of sodium picrate is 
obtained. This is filtered off and dried in the air; it 
should be noted that the dry picrate is a very easily 
detonated explosive, so great care should be taken in 
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handling it. A i per cent solution in water is th.6xi 
made up, and neutralized with aqueous picric acid, 
using litmus as an indicator ( cj. page 118). 

According to Groesbeck (3) the neutral picrate solu¬ 
tion seems to be the only available reagent for differ¬ 
entiating iron tungstide and iron-tungsten-carbide in 
high-speed steels, thus, in the boiling solution, the 
iron tungstide is blackened in x minute, but the iron 
tungsten carbide is not darkened after xo minutes 

etching. ... . 

During the etching a brown surface him is generally 
formed, but it may be. removed, while washing the 
specimen, by careful swabbing with very dilute hydro¬ 
chloric acid. 

Electrolytic Etching. Groesbeck (3) reports that tung¬ 
sten carbide is attacked by electrolytic etching in 10 
per cent soda solution, while iron tungstide and iron- 
tungsten-carbide are not affected. The two latter 
constituents are, on the other hand, attacked by 
electrolysis in 10 per cent caustic soda solution. See 
Table V. 

« Sequence Etching ” for Identifying Structural Constituents 
in Tungsten Steels. According to Groesbeck (2) the most 
reliable information about the structure, particularly 
of material in the cast condition, is obtained by 
first etching with 5 per cent nitric acid in ethyl 
alcohol, whereupon the general st rueture is developed. 
Then, without intermediate polishing, the specimen 
is etched with Yatsevitch’s reagent, so that any 
iron tungstide present is blackened. Finally, by 
etching with hot alkaline; picrate solution, the iron 
carbide is similarly coloured. Thus, after this last 
process, the two blackened carbides can be easily 
observed, particularly in the cast material, because 
they usually form a network at the grain boundaries. 

According to the Bureau of .Standards (see Anon (3)) 
the specimen may be etched without intermediate 
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TABLE V 


Identification of C'awhidks Occurring in Steels by 
Electrolytic Etching (Groesbeck) 


Specimen positive electrode, platinum negative electrode. 


Electrolyte, io% soda- solution: current density about 
o-i amp./cm. 2 Etching time, 2 minutes. 


Attacked 


Ch rc > n 1 i u n 1 carbide. 
Tungsten carbide. 
Y an ad i u n 1 earl > id e. 


The specimen is re-pol islied, 
and etched eleeiroly 1 irally in 
10% NaCN solut ion. Current 
density 0*2 amp,/cm. 3 ICtch¬ 
ing time, a min. 


Attacked 

Not attacked 

1 

Chromium 



carbide. 


Vanadium 

Tungsten 


carbide. 

carbide. 




Not attacked 




Iron carbide. 

Iron tungstide. 

Iron-tungsten carbide. 



Electrolytic (itching in 10% 
NaO.IT solution. Current 

density 0*02 amp./cm. 2 Etch¬ 
ing time, 1 min. 




Attacked Not attacked 



III 
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polishings in the following solutions successively, w i^ 
microscopic examination after each etching. 

x. Dilute solution of ammonia. (Electrolytic etch 
with specimen as anode.) 

2. 2 per cent nitric acid in alcohol 

3. Boiling solution of sodium picrate. 

4. Murakami’s reagent, hot. 

VANADIUM STEELS 

As regards general structure etching the vanadium 
steels do not differ from the corresponding carbon and 
alloy steels. 

Carbide Etching. Vanadium carbide is not attacked bv 
either cold or hot alkaline hydrate solutions; neither 
is it coloured by up to 15 minutes etching in hot alka¬ 
line picrate (Groesbeck (3)). 

Potassium Ferrieyanide in Faintly Alkaline Solution. Accord¬ 
ing to conclusions which can be drawn from experi¬ 
ments carried out by Groesbeck (3), a modified form 
of Murakami’s reagent should provide a means of 
differentiating vanadium carbide from cementite in 
steels free from other alloying elements. A solution of— 

Potassium ferrieyanide ;io grams. 

Sodium hydroxide . 0 -S k r rnm'' 

Water . . . ioocx. ' 

when used boiling, colours vanadium carbide in 10 
minutes, while cementite is not attacked. It should, 
however, be noted that, with this reagent, both chrom¬ 
ium and tungsten carbides, as well, as iron tungstide, 
are blackened considerably more rapidly than the 
vanadium carbide. 

Differentiating Chromium and Vanadium Carbides. Groes¬ 
beck (3) states that chromium and vanadium carbides 
can be distinguished by etching in a hot alkaline 
solution of potassium permanganate. One minute’s 
etching colours the chromium carbide a dark reddish- 
brown or, more probably, dissolves out the carbide and 
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colours the walls of the resulting cavities. The vana¬ 
dium carbide does not appear to be attacked, and 

remains unchanged. 

Another, but less satisfactory, method of differen¬ 
tiating the two carbides is by electrolysis in a weak 
solution of ammonium or sodium hydroxide in water. 
The chromium carbide is dissolved out leaving holes 
with the same reddish-brown appearance mentioned 
above, while the vanadium carbide is dissolved more 
slowly, leaving uncoloured cavities. 

Vanadium carbide is not attacked by electrolytic 
etching in 10 per cent sodium cyanide', thus enabling 
it to be distinguished from chromium carbide and 
tungsten carbide {of. Table V, page: in). 

SILICON STEEL 

According to Pilling, material containing silicon is 
attacked by water during polishing. The intensity 
of the attack increases with the content of silicon up 
f to about 6 per cent of the latter, but subsequently 
I falls off again with still higher percentages. For this 
reason alcohol should be used instead of water towards 
the end of the polishing process. Purthermore all etching 
reagents containing water should be avoided. 

Structure Etching. Corson recommends the following 
| etching reagent— 

Glycerine . . a parts 

Hydrochloric acid (30%) 2 parts 

Nitric acid, cone. . 1 part 

When etching a material containing 4 per cent of 
silicon a peculiar striated formation often appears in 
the structure. Corson states that this can be avoided 
to some extent if the material is previously annealed 
at 950° C., and cooled in air. 

For high-silicon iron alloys Phragmen recommends 
etching with a mixture of 1 part cone. HNO a and 1 part 
HF (40 per cent). For low silicon materials this reagent 
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1 x 4 


is diluted with 1-2 parts of water. Time of etch in 
about half a minute. & 

Transformer steels, with about 3-5 per cent Si 
often etched with 10 per cent HNO ;( in ethyl alcohol 6 
but as this easily roughens tire surface of the ferri°’ 
it is preferable to use Corson’s reagent. 

Baraduc-Muller etched iron alloys containing silico 
with the two following reagents-—- 0 


Hydrofluoric acid, cone. 
Ethyl alcohol (95%). 
Distilled water 


1 vol. 

2 vol. 
x vol. 


Etching time, 2 minutes to 6 hours. If no action can 
be observed after 5 minutes, water is added drop bv 
drop until the etching begins to be noticeable. y 


Nitric acid (sp. gr. 1*33) 
Hydrochloric acid (sp. gr. i*i8) . 


100 vol. 
150 vol. 


This mixture is warmed carefully until it turns brown 
To 50 c.c. are then added 100 c.c. of a 47 per cent 
solution of ferric chloride. The action of the etching 
reagent can be diminished by the addition of water 
say, 50 c.c. During etching a layer of SiO, often forms 
on the surface of the specimen, but it may be removed 
by treatment with a warm 10 per cent solution of 
ammonium fluoride. 

Carbide Etching. Pilling points out that an alkaline 
solution of sodium picrate blackens ferrite containing 
silicon, and, therefore, is useless for indicating carbides 
m silicon iron and steels. Pie recommends the following 
reagent instead— 


Stock solution 


2°% by weight, or 12*5% by volume, of fuming 
nitric acid in absolute methyl alcohol. 


The methyl alcohol can be obtained free from water 
by distillation over quicklime. Forty drops of the stock 
solution are added to 50 c.c. of nitrobenzol. The 
reagent thus prepared is stored in a dark bottle, where 
it will keep for several months. 

During etching, a film of organic iron compounds is 
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formed but, after wash in/; the sp**t imi-n in ;d< i>h< il, it may 
be removed by swabbing with stumg mustir s<h la solu¬ 
tion. Afterwards the specimen is again washed with 
water or alcohol, depending <>u the silicon nmtnit. A 
suitable time for etching is, generally, about go seconds. 
With this reagent only free cement iie is coloured, while 
the silico-ferrite is left clear. It can also be used with 
advantage instead of hot jurrale solution for showing 
free carbide in other steels besides those containing 
silicon. 

According to the writer’s experience, the action of 
the etching reagent depends entirely upon the methyl 
alcohol being free from water. The ordinary commercial 
alcohol must be redistilled over lime. 


ETCHING OF CAST-IRON 

The following is mainly as given by Bolton. 

Picric Acid. A solution of picric acid is the best 
general etching reagent for grey east-iron. Bolton uses 
a solution of-— 


Picric acid {saturated solution in alcohol) , 78 vot. 

Nitric acid . 2 v< A 

Water ™ v «i: 


This acts uniformly and quickly, bringing out 
clearly the structure of the ferrite, pearl ite, and steaditc; 
4-5 seconds etching is sufficient for examination at the 
higher magnifications. 

The graphite in grey cast-iron easily absorbs some 
of the etching reagent, and, therefore, care must be 
taken to remove the moisture which the specimen 
usually exudes after drying, otherwise localized staining 
will occur. 


Alkaline Sodium Picrate. Darkens cementite in the 
usual way. Ternary steadite (Fe 3 P-Fe~Fe 3 C) is also 
blackened, and the binary steadite (Fe 3 P-Fe) is some¬ 
what discoloured. Hence the solution cannot be used 
for differentiating Fe 3 C and Fe s P (cf. page 118). 
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Ammonium Persulphate. i<> per cent ammonium p er . 
sulphate attacks both ferrite 1 and pearlito, but leaves 
steadite white and unattached. It is useful for dis¬ 
tinguishing small areas of ferrite from phosphide at 
low magnifications. 

Nitric Acid. Nitric acid in alcohol has essentially 
the same etching action as picric acid, hut is seldom 
used for grey cast-iron because it causes considerable 
roughening of the surface. Campbell, however, recom¬ 
mends light etching in a z per cent solution for certain 
grey irons high in silicon in order to distinguish between 
pearlite and silico-ferrite. 

Metanitrobenzol Sulphonic Acid. I)e Reyna and Daernis 
[of. page 91) use a 5 per cent solution in ethyl alcohol 
for etching white irons, e.g. chill east materials. 

Phosphoric Acid. To demonstrate the presence of 
sulphur in the graphite lamellae, Holton uses the 
following method. 

The polished surface of the specimen is painted over 
with a thin layer of phosphoric acid (z o.e. syrupy 
phosphoric acid -|- 90 o.e. water), and observed under 
the microscope with a tG mm. objective. Bubbles of 
H 2 S are evolved from the graphite if sulphur is present, 
but the metal itself is not attacked by the acid for 
some considerable time. (The correctness of this test 
is open to considerable doubt.) 

Relief Polishing. This ('.an be used with advantage for 
showing up steadite. 

Heat Tinting, Bolton recommends,a few seconds treat¬ 
ment of the specimen with z per cent phosphoric acid 
before heat-tinting. 

The colours obtained on grey cast-irons an* collected 
in tabular form opposite. If'is an advantage to use 
the process for bringing out the net-structure of the 
graphite. 
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1 1 MAT Tin IS ON <lKKV ('astikon 


Colour of Speuimen 
to ru:ii<l‘*«i Kye 


First pereepl ibh* v«‘ll‘iw 


V. 


Mainly brown, with no 1 
trace of purple ] 


Dark brown rliiinj-iiu* to 
purple 


Purplish reel with blue.*spots •< 


Dolour oi Mieroeunstituent at 
M agnifit:ation Stated 
Steadite 

1 00 White 

:" , ; »oo Whil e matrix. .Dark dots 
Graphite 

- mo Dlaek, lustreless. Purple edges 
: »iot> Many blue dots along the edges 
Ferrite 

; ; fjtitt Drown with blue dots 
Pearlite 

■ f . ‘juo Dement itc: white. Ferrite: brown 

A vertigo ('olottr 
.■* loo Dr<iwnisli yellow 


S tea (lit e 

' 100 Pate greyish 

500 Greyish matrix with purple dots 
Graphite 

X 500 Ked ; purple and white along the edges 
lecrr itc 

X 500 I frown, to purple, with blue dots 
Pearlite 

3 or» Drown 


Average Colour 
4 ion Light brown 

Steadite 

loo The euteetie shows dark spots 
500 Mine dots. The dendrites have 
purple edges 

Graphite 

More him* and less purple along the edges 
Ferrite 

l nke graphite 

Pearlite 

Purple and brown. The lamellae cannot 
be disl inguished 

Average Colour 
Drown, with purple shades 

Steadite 

X 100 Purple edges 
X 500 Matrix yellowish-red 
Graphite 

As before 


Ferrite 

Dine and white 

Pearlite 

Red and purple 

Average Colour 
Red and blue 
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ETCHING METHODS FOR IDENTIFYING PHOSPHIDES 
AND NITRIDES, AND VARIOUS NON-METALLIC 
INCLUSIONS 

Iron phosphide occurs normally in the free form 
only in cast-iron, where it is a constituent of the 
ternary iron-carbon-phosphorus eutectic, the so-called 
steadite. The latter often resembles lecleburitc in 
appearance, but as a rule it has a somewhat finer 
structure and, therefore, with a little experience, the 
two can generally lx* differentiated after an ordinary 
etch with picric or nitric acid. Iron phosphide is 
blackened, like cementile, by alkaline sodium picrate, 
and consequently neither can be distinguished by this 
reagent. 

Oberhoffer and Poensgen etch phosphoric grey cast- 
iron for 20 minutes in 20 per cent llN'tf, in alcohol. 
The phosphide eutectic, is not attacked, but appears 
light against a dark background, so that its amount 
can be easily estimated. 

Etching with Neutral Sodium Picrate. Matweieff found 
that cementite and phosphide could be distinguished 
by etching with a neutral solution of sodium picrate, 
which blackens the phosphide. 

According to Jungbluth, however, a strictly neutral 
picrate solution cannot be obtained in practice by 
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merely neutralizing tin* alkaline pit-rate [cf. page 109), 
but must be obtained by rerrystaJ.Iiza.tion of the solid 
salt. Sodium picrate is prepared first by precipitation 
from a saturated aqueous solution of picric acid by 
means of cold concentrated soda solution. The pre¬ 
cipitate is filtered off, and washed with cold water; 
then it is dissolved in warm water and recrystallized 
three times, whereupon a. perfectly neutral picrate is 
obtained. When handling the sodium picrate it should 
be remembered that it is a powerful and easily deton¬ 
ated explosive which must be treated with due care, 
and not dried by warming, for example. A boiling, 
fairly concentrated, aqueous solution of the salt is 
used for etching, The etching time necessary is about 
if hours, although the alkaline picrate darkens steadite 
in as little as 3 minutes. The reagent is satisfactory for 
both grey and white; cast-irons. For successful etching 
it should be freshly prepared as a solution only a few 
days old often gives poor results. 

Heat Tinting. Stead (3) and Wust (2) have shown that, 
on tempering, iron phosphide colours more slowly than 
cementite. When the latter lias acquired a salmon red 
tint the phosphide is hardly yellow (Tables I and 
II, pages 29 and 30). 

Czochralski (1) recommends tinting at 280° C. for 
15-20 minutes. Bolton found that the colour contrasts 
were increased if, before heat-tinting, the specimen was 
etched extremely lightly with a 2 per cent solution of 
phosphoric acid {cf. page 116). Jungbluth, however, 
finds that, when using this latter method, very con¬ 
siderable experience is needed to get good results. 

Goerens and I )obbelstein lightly repolished the surface 
after heat-tinting, so that the thin oxide film which 
had formed on the surface of the cementite was re¬ 
moved, but that on the other constituents remained. 
An excellent contrast for photography was thus 
obtained. 


9 -(5690) 
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Solid Solutions of Phosphorus in Iron. Phosphorus in 
solid solution in iron may bo indieatod by any of the 
copper reagents described for macro-etching (cf. pa « e 
49 ) • 

Oberhoffcr’s reagent, and Fry’s No. 1 and No. 2 
solutions, arc probably most suitable for micro-etching 

Nitrides. According to Kirner the iron nitride 
formed during the nitriding of steel appears with a 
characteristic brownish-yellow colour on etching the 
steel with 5 per cent picric acid in alcohol. For this 
reason he has proposed the name " llavite” for this 
microconstituent. 

Comstock 1 reports that free iron nitride can be dis¬ 
tinguished from cementite by etching in a hot, freshly 
prepared, 1—4 per cent solution of potassium ferri- 
cyanide. With this the iron nitride is not coloured, 
but cementite is blackened and pearlite turns brown. 
The Werkstoffhandbuch recommends for the same pur¬ 
pose an alkaline solution comprising- — 

Potassium ferrieyanulo 3 grams. 

Potassium hydrate . 10 grains. 

Water ... j 00 ex. 

According to B. Strauss the presence of nitride is 
best shown by heat-tinting at 250--300 0 C. The struc¬ 
tural constituents containing nitrides are coloured most 
rapidly. When the ferrite has acquired a pale blue, 
and the pearlite a dark blue, colour, the nitrides and 
areas containing them appear red. 

Titanium cyano-nitride and zirconium nitride some¬ 
times occur in titanium and zirconium steels respec¬ 
tively. These constituents, however, have all the 
characteristics of non-metallic inclusions (see Tables 
VII and VIII). 

Sulphides (cf Tables VII and VIII). Gelatine re¬ 
agents are now used extensively for indicating con¬ 
stituents which contain sulphur. A gelatine solution 

1 A.S.S.T . Handbook, 1929, p. 331. 
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acidified with, for example, dilute sulphuric acid and 
slightly warmed, is mixed with a metallic salt of such 
a nature that the sulphuretted hydrogen evolved by 
contact with the specimen precipitates a character¬ 
istically coloured sulphide. For this purpose McCance 
used silver nitrate, and Law employed lead or cadmium 
salts. 

Whiteley made use of “tartar emetic” (potassium 
antimonyl tartrate), and his solution is probably the 
best known of this type of reagent. Five grams of 
French gelatine are allowed to swell for i hour in 20 
c.c. distilled water. 10-15 c - c - of glycerine are then 
added, and the whole warmed on a water-bath until 
the gelatine melts, when further additions are made 
of 1 c.c. of a 7 per cent solution of “tartar emetic,” 
and i-if c.c. of dilute sulphuric acid (x : 3). When 
using the reagent a drop of the slightly warm solution 
is placed on a cover-glass which is then carefully laid 
in contact with the surface of the specimen. Any sul¬ 
phide particles are quickly surrounded by orange- 
coloured rings of antimony sulphide. 

The acidified solution decomposes after standing for 
a short time, and, therefore, no more should be prepared 
than the occasion demands. 

Mahin and Botts used Whiteley’s antimony solution 
but omitted the gelatine. The specimen was merely 
dipped into the solution, and then carefully washed and 
dried. The sulphide particles were then surrounded by 
a clear yellow ring. 

Kunkele has considerably improved the previous 
method. His process is as follows: 5 grams of gelatine 
are allowed to swell in 20 c.c. distilled water for half 
an hour, and then dissolved by gentle heating on a 
water-bath. When solution is complete, 20 c.c. glycerine 
and 2 c.c. sulphuric acid (sp. gr. 1-21) are added. The 
solution is stirred, and mixed with o-8 gram silver 
nitrate. A brown coloration which may appear in 
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the solution at this stage can be disregarded. The speci¬ 
men, which is kept at a temperature of 20-25° C., i s 
covered by means of a glass rod with 1-2 drops of the 
solution which has been warmed up to 27-28° C., and 
should be of the consistency of honey. After a few 
seconds the whole surface of the specimen is covered 
with a black silver coating which, after washing away 
the gelatine with hot water, is rubbed off under water 
with the finger or a piece of cotton wool. The specimen 
is then dried with alcohol. After this treatment the 
sulphide inclusions can be observed as dark coloured 
particles, surrounded by a light ring if they are em¬ 
bedded in ferrite or pearlite. If they are in cementite, 
ledeburite, or steadite, however, this light ring is 
absent. The method is applicable to ordinary irons 
and steels as well as to cast-steel, cast-iron, and pig- 
iron. 

Comstock and others find that sulphide inclusions are 
blackened by hot alkaline sodium picrate solution in 
5 minutes. With more prolonged etching they are 
entirely dissolved out. 

According to the last-named authority; sulphides are 
blackened after 3 seconds etching in a 2 per cent solu¬ 
tion of hydrofluoric acid in alcohol. However, silicates 
are also blackened, but oxides are not attacked. For 
slag and annealing scale a somewhat stronger solution 
is required. 

Hydrofluoric acid 8 c.c. 

Water . . 42 c.c. 

Ethyl alcohol . 50 c.c. 

With this reagent the time of etching depends entirely 
on the composition of the material. In the case of 
basic steels the etching effect with hydrofluoric acid is 
occasionally irregular owing to a needle-like structure 
appearing near the slag inclusions. This phenomenon, 
however, has not been observed very often in acid 
steels. 
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Matweieff reports that a o-a per cent aqueous solu¬ 
tion of oxalic acid darkens sulphide inclusions in 20—30 
seconds. 

For showing manganese sulphide Hilpert and Colver- 
Glauert use a 3-4 per cent solution in water or alcohol 
of saturated aqueous sulphurous acid. Etching time, 
from 7 seconds up to several minutes. In the case of 
pig-iron high in manganese and sulphur the structure 
of the material is well developed and, at the same 
time, the manganese sulphide is coloured dark blue, 
and rendered clearly visible. 

For identifying sulphides II. Kjerrman first etches 

the polished surface for x.1 i. minutes with a 1 per cent 

solution of oxalic acid in water. FeS is strongly at¬ 
tacked, but the MnS only very slightly or not at all. 
Oxides are also not attacked. Then the specimen is 
etched for 5 minutes in 10 per cent aqueous chromic 
acid, whereby the MnS is strongly attacked, while 
FeS and oxides remain untouched. After both these 
etchings all the sulphides are found to be blackened or 
dissolved away, while the other constituents of the 
structure have not been attacked. 

According to Whitelcy the colour of the sulphides is 
altered by heat-tinting rapidly at a temperature 
between 200° and 300° C. When the specimen as a 
whole has acquired, an orange tint, the sulphide is 
already purple. The test is very suitable for identifying 
any Fe-FeS eutectic which may possibly occur. 

Oxides and Other Slag Inclusions, (cf. Table VII) . There is 
only a small amount of information in the literature con¬ 
cerning the identification of oxide inclusions by etching. 

According to Law, iron oxide and iron-manganese 
oxide compounds are reduced if the specimen is treated 
electrolytically as the cathode in a nearly boiling solu¬ 
tion of 0-002 per cent ammonium chloride or alkali 
hydrate in distilled water. Sulphides and silicates 
remain unchanged. 
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Campbell and Comstock state that iron and man¬ 
ganese oxide compounds are strongly attacked by a 
saturated solution of stannous chloride in alcohol. 

Silicate inclusions are attacked by hydrofluoric acid 
solutions. 

When examining finely divided slag, e.g. in cold 
rolled material, the inclusions usually appear more 
clearly if the polished surface is etched for 3-5 seconds 
in a solution of 2-5 grams iodine, 6 grams potassium 
iodide, and 1,000 c.c. water. 1 

For further information regarding the identification 
of slag inclusions, reference should be made to the recent 
book on Non-Mctallic Inclusions in Iron and Steel, by 
C. Benedicks and H. Lofquist. (English translation 
published by Chapman and Hall, Ltd.) Tables VII 
and VIII on the preceding pages are taken, by per¬ 
mission, from tips work. 

1 Communication from a Swedish works. 



CHAPTER V 


etching of non-ferrous metals 


rower AH etching reagents which are used for copper 
Lve an oxidizing action. Rawdon and Lorentz (i) 
arried out a critical examination of these reagents, and 
their results arc summarized below. 

Oxidizing Acids, (a) Concentrated nitric acid occa- 
einmllv gives a useful etch, but the time of etching is 
extremely short and, therefore, difficult to control. 

(6) Dilute nitric acid (r part acid —f~ i part water) 
attacks the copper very uniformly, but indistinct 
contrasts are obtained. (Etching time, 15-30 seconds). 

Nitric acid has no advantages over other etchants 
for copper and, therefore, is seldom used. Solution ( b) 
can however, be recommended for preparing the speci¬ 
men by Pulsicr’s method of repeated polishing and 


Chromic Acid, {a) Saturated solution. Time of etching 
1-1! minutes. Attacks the grain-boundaries and oxide 
globules particularly. Seems to be suitable for etching 
cold-worked copper. 

lb) A 10-15 per cent solution, with the addition ot 
1-3 drops of HC 1 per 50 c.c. of solution is stated by 
Vilella (2) to be a satisfactory reagent. Gives a pro¬ 
nounced grain contrast etching. Alternate polishing 
and etching can be used with advantage. 

Sulphuric Acid, (a) Sulphuric acid and hydrogen per- 

oxide. 


Sulphuric acid, coho. 
Hydrogen peroxide (3%) 


1 part 
20 parts 


Etching time, i-il minutes. 

(6) Sulphuric acid and potassium bichromate. 


Sulphuric acid, cone. * * * 

Potassium bichromate (sat., solution.) 

129 


1 part 
1 o parts 
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Etching time, 30-60 seconds. Very suitable for cast 
copper, but attacks oxide inclusions strongly. 

(c) Sulphuric acid and potassium permanganate. 

Sulphuric acid, cone. i part 

Potassium permanganate (0-4% solution) . 10 parts 

Etching time, i-ii minutes. Good general reagent 
for copper. 

' Hydrochloric Acid, (a) Hydrochloric acid and ferric 
chloride in aqueous solution. 

Hydrochloric acid, cone. . . . .30 c.c. 

Ferric chloride.10 grams. 

Water.. c.c. 

Etching time, 30 seconds. 

(b) Hydrochloric acid and ferric chloride in alcoholic 
solution. 

Hydrochloric acid, cone. . . • .30 c.c. 

Ferric chloride.10 grams. 

Ethyl alcohol.220 c.c. 

Etching time, 30 seconds. 

(a) and (6) both give good grain-contrast etching for 
low magnification. For the higher powers, the surface 
is roughened too much. The alcoholic solution gives 
better contrasts than the other. 

Ammonia Aided by the Oxidizing Action of the Atmosphere. 
According to Czochralski (3) the surface of the speci¬ 
men is swabbed with cotton wool moistened with 
strong ammonia. The etching reagent is spread as 
evenly as possible over the surface, and any dark 
coloured patches which appear are removed by careful 
rubbing, so that a clear metallic surface is obtained. 
When the etching process is to be stopped a few drops 
of water are added to the wad of wool, without ceasing 
the swabbing, and then more and more water is succes¬ 
sively added until all the ammonia has been washed 
away. The use of excess of ammonia delays the attack 
because oxidation is hindered. If too little is employed 
a layer of cellulose is deposited on the surface of the 
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specimen, and it has to Ik* removed with fresh ammonia. 
As a result of the above treatment the attack is mainly 
confined to the boundaries of the grains while, gener¬ 
ally, their surfaces remain smooth. 

Guertler (2) reports that ammonia may sometimes 
be used in the polishing of copper specimens. 

Ammonia and Hydrogen Peroxide, (a) Equal parts of 
strong ammonia, and 3 per cent, hydrogen peroxide. 
Etching time, .5 15 seconds. < lives principally a grain¬ 
boundary etch which is very suitable for investigations at 
high magnifications. Ammonia and hydrogen peroxide 
is one of the most commonly used etching reagents for 
copper. By varying the proportions of the ammonia and 
the peroxide the etching effect can also be changed to 
some extent. If the amount of peroxide is increased, 
a grain-contrast etching is obtained. The A.S.S.T.' 
Handbook recommends, for cold-worked material, a 
subsequent etch for a few seconds with the solution 

[a) described under hydrochloric, acid (cf. page 130). 

(b) Grain-contrast etching is obtained with — 

Ammonia, cone. . t p ar t 

Hydrogen pmixidc (,j%) . 20 parts 

(c) For cast copper, swabbing with the following 
solution is recommended in the A.S.S.T. Handbook— 

Ammonia, cone, . , .400.1* 

Hydrogen peroxide (3%) , 100,0.’ 

This solution can also be used for "polish attack/" 

Ammonia and Potassium Permanganate. 

Ammonia ...... 2 parts 

Potassium pormangamtio (o\f% solution) 3 parts 

Etching time, 2 3 minutes. The solution etches best 
when it begins to acquire a brownish colour owing to 
the formation of manganese dioxide. Under other 
conditions a film easily forms on the surface of the 
specimen and masks the etching. 



133 


HANDBOOK OF ETCHING 


Ammonia and Weak Oxidizing Agents, (a) Ammonia 
and ammonium oxalate. 

Ammonia, cone. . , . . . i part 

Ammonium oxalate (sat. solution) . . 3 parts 

Ammonia and potassium arsenate. 

Ammonia, cone. . . . . r part 

Potassium arsenate (sat. solution) . . 3 parts 

Both these reagents act very slowly. Time of 
etching, about 24 hours. Solution (b) attacks copper 
oxide globules strongly. 

Ammoniacal Copper-ammonium Chloride Solution. 

Copper-ainmoniiim chloride ... 5 grams. 

Water . . . . . . .120 c.c. 

Strong ammonia is added till the precipitate first 
formed is redissolved. Etching time, 30-60 seconds. 

This is one of the best, and most commonly used, 
general reagents for copper, giving chiefly grain-con¬ 
trast etching. The alcoholic solution gives poor results. 

Ammonium Persulphate. A 10 per cent solution of 
ammonium persulphate in water is an excellent etching 
medium for copper, and is often employed. Better 
results can sometimes be obtained if a few drops of 
ammonia are added immediately before etching. A 
pronounced relief-effect is obtained, depending on the 
crystallographic orientation of the grains. 

Bromine Water. A saturated solution of bromine in 
water often gives a good etch in 30-60 seconds. The 
coating which forms on the surface of the specimen is 
washed off in strong ammonia. 

Silver Nitrate, (a) 2 per cent solution of silver nitrate. 
Etching time, 20-30 seconds. The silver layer precipi¬ 
tated on the specimen is rubbed off under water. Oxide 
globules are strongly attacked. 

(6) In Holman's method a small particle of dry 
silver nitrate is laid on the specimen and a single drop 
of water added. As a result there is formed a light 
spongy layer of silver which changes colour to grey 
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in about 3 seconds. The surface is then immediately 
flushed clean with water from a wash-bottle. With 
correct technique a good etch is obtained. The method 
seems to be valuable in those cases where other re¬ 
agents produce undesirable etch-pits. 

Electrolytic Etching. The electrolytic etching of copper 
can be carried out in, for example, a 10 per cent 
solution of ammonium acetate, or 10 per cent ammo¬ 
nium sulphate. Current density about 0-003 amp/cm 2 . 
Time about 30 minutes. As a rule, however, electro¬ 
lytic etching gives a roughened surface which is, there¬ 
fore, not suitable for observation at high magnifications. 
Any residual grinding scratches are strongly attacked. 

COPPER ALLOYS 

The single-phase copper-rich alloys, e.g. a-brass and 
a-bronze, have, in general, the same etching properties 
as pure copper, and, therefore, the same etching reagents 
can be used. As the copper content falls the oxidizing 
character of the reagent can with advantage be some¬ 
what reduced. 

In alloys containing several phases, the differences 
in the rates of solution of the latter will be increased 
owing to the setting up of local elements. Hence, a 
strong grain-contrast etching is obtained. 

A method, which was used successfully by Rawdon 
and Lorentz for a number of copper alloys, consists of 
a double etching with sulphuretted hydrogen, and xo 
per cent silver nitrate solution. Marked contrasts are 
obtained in this way. In some cases the best result is 
produced if the sulphuretted hydrogen treatment is 
carried out first, while in others it is preferable to begin 
by etching with the silver nitrate. A test with an alloy 
containing 67 per cent Cu, 32 per cent Zn, and 1 per 
cent Pb gave the best result when the specimen was 
first placed in a flask kept filled with H 2 S, and with a 
drop of HC 1 in the bottom. The specimen should be 
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left until a thin sulphide film has formed, and then 
etched in the 10 per cent silver nitrate. The method 
has been found to be satisfactory for a- and ajS-brass 
As regards a bronze containing 88 per cent Cu, io per 
cent Sn, and 2 per cent Zn, the best result was obtained 
if the silver nitrate etch was carried out before the 
treatment with H»S. The chemical nature of the film 
formed as a result of the action of the H a S does not seem 
to be of paramount importance from the point of view 
of the method, because a similar result was obtained 
if the specimen was heated in air so that a thin oxide 
layer was formed. 

According to Rawdon and Lorentz (3) the action of 
very weak etching reagents can often be accelerated by 
bubbling oxygen through the solution. Excellent re¬ 
sults can be obtained in this way for many copper 
alloys when using strong ammonia, or dilute sulphuric 
acid, or a 10 per cent solution of ammonium chloride. 
The oxygen is passed in through a fine tube, and the 
stream is directed on to the specimen. As a rule, a 
comparatively long etching time is required. With the 
above treatment the specimen is not usually etched 
over its entire surface, but only in an annular zone 
surrounding the place where the stream of oxygen 
impinges upon it. 

For the macroscopic etching of copper alloys Fremont 
recommends the following reagents— 


(a) Nitric acid , . „ . . .15 c.c. 

Hydrochloric acid ..... 8 c.c. 

Water . . . . . . .100 c.c. 

(i b ) Nitric acid . . . . . 67 c.c. 

Hydrochloric acid . . . . . 33 c.c. 

c) Concentrated hydrochloric acid. 

d) Sulphuric acid ..... 2 vol. 

Water . ... 10 vol. 


(e) 10% solution of ferric chloride in water. 

Of these etching reagents, ( d) has the slowest action. 

Etching of a-Brass and a-Bronze. A group of etching 
reagents examined by Rawdon and Lorentz is given 
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below, and the first four may be regarded as universal 
reagents for the majority of copper alloys. Nevertheless 
the action of any given reagent often varies according 
to the composition, mechanical treatment, and heat- 
treatment of the material. No general rules for these 
variations in etching properties can be laid down, how¬ 
ever, and it is necessary to find out by trial the best 
conditions for etching in each case. 


TABLR IX 



Etch i n g R eagei 11 

Etching 

'rime 

Character 
of Etching 

Remarks 

(a) 

Ammonia, cone., tovoI.. 



Swabbing often 

Hydrogen peroxide (3%), 



useful 

(»> 

1 vol. 

10% ammonium persul- 

T5~3o sec. 

Contrast 

Alcoholic solu* 

phate 

20 sec.—5 min. 

Contrast 

tion usually 
gives poorer 
results, but 







can occasion¬ 
ally yield 
better 

ip) 

Alkaline copper ammo- 


Grain- 


nium chloride (see under 
copper) 

20 scc.-t min. 

boundary 



{d) 

Saturated chromic acid 




solution 

to -30 sec. 

Contrast 


ip) 

Sulphuric acid, cone., 1 vol 
Hydrogen peroxide (3%) 





10 vol. 

30 see.- 2 min. 

Contrast 


if) 

Sulphuric acid, cone, 1 vol. 
H,,Cr,, 0 7 , sat. solution, 



Suitable for 


5 vol. . . . ( 

10 koc,--t | min. 

Variable 

low magnifi¬ 
cations 

(g) 

Nitric acid, cone. . 

1—4 sec. 

Contrast 


{h) 

Hydrochloric acid, cone., 




30 c.c. 

Ferric chloride, 10 gr. 
Water, 120 c.c. 

20 sec.-r min. 

Contrast 


(*) 

Hydrochloric acid, cone.. 



Sometimes bet¬ 


30 c.c. 



ter and some¬ 


Ferric chloride, to gr. 



times worse 


Alcohol, 120 c.c. 

30 sec,.—r | min. 

Contrast 

than aqueous 
solution 

(/) 

2% silver nitrate; solution 





Etching of a/9-Brass and -Bronze. In the case of; 
brass, according to Rawdon and Lorentz, it is found j 

10—(5690) 
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that etching reagents with a powerful solvent action 
e.g. strong nitric acid, or sulphuric, acid + potassium 
bichromate solution (page 129), attack the /3-phase 
strongly, so that this, in intaglio, appears dark against 
the sound-inass of the a which is attacked to a less 
degree. Usually grain-boundaries are etched up in the 
latter phase. 

Reagents with a less powerful solvent action, e.g. 
sulphuric acid ~| hydrogen peroxide, sulphuric acid + 
potassium permanganate, ammonium persulphate, 
hydrochloric acid ~|~ ferric chloride, and bromine water, 
colour the //-grains, so that they appear dark against 
the lighter, structureless a ground-mass. When using 
an etching reagent which has a special affinity for 
copper, e.g. ammonia + hydrogen peroxide, ammonia 
+ potassium permanganate, and ammoniacal copper 
ammonium chloride solution, the opposite effect is 
obtained, and the //-crystals appear light against the 
somewhat darker ^-background. 

According to Bauer and Hansen 10 per cent chromic 
acid colours the //-crystals a beautiful lemon-yellow, 
while the a-crystals are coloured ochre-yellow. 

In alloys which, are chiefly composed of the a-phase, 
a contrast etching is often obtained between the various 
a-crystals, and as a result any //-areas present do not 
stand out so distinctly. 

Abnormal etching effects can sometimes be obtained 
as a result of the presence of segregates or of-persistent 
ingot-structure; they occur more often with such re¬ 
agents as ammoniacal copper ammonium chloride, or 
ferric chloride and sulphuric acid + an oxidizing agent, 
than with, for example, silver nitrate or chromic acid. 

Bronze is, in general, analogous to brass in this 
respect. 

According to the A.S.S.T. Handbook, ammonia + 
hydrogen peroxide is as good an etchant for brass as 
for bronze. After etching in this reagent the specimen 
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is dipped into a ferric chloride solution, the concent ra¬ 
tion of which should be determined for each particular 
case. 

Campbell reports that the dendritic structure in cast 
bronze shows up clearly after cldiing with 50 per rent 
nitric acid, but the eutectoid is so completely blackened 
that its structure is lost. On tin* other hand, swabbing 
with ammonia -j- hydrogen peroxide attacks the copper- 
rich. cores of the dendrites, without: affecting the eutee- 
toid. The latter is, therefore, seen in very faint contrast: 
against the saturated «-solution. I f, however, the speci¬ 
men is subsequently washed over with (Irani's No. 1 
solution— 

Ferric chloride. , 0*5 gram. 

Hydrochloric acid, cone. 

Water . . . 100 cm, 

till the a-phase is slightly darkened, the eutectoid with 
its pale bluish-white colour remains in distinct contrast. 

When etching with chromic acid Miller added hydro¬ 
gen peroxide. Vilella (2) found, however, that the effect 
of the peroxide was, in this case, chiefly determined by 
the small percentage of hydrochloric acid which was 
added as a preservative, and that better etching was 
obtained with chromic acid hydrochloric acid (cf. 
page 129). In a/ 9 -brass the a-phase is not attacked, 
but the ft is coloured light yellow as with persulphate. 

In copper-tin alloys there is no effect on the a-phase, 
but the d is coloured brown to black, depending on the 
time of etching. In rolled alloys the grain boundaries 
and any "twinning” stand out clearly. Miller found 
that chromic acid was a good etching reagent for welds, 
particularly when manganese bronze was used, as, in 
this case, etching with ferric chloride was unsuccessful. 

Uneven etching or staining easily occurs if the chromic 
acid is not pure, e.g. if it is contaminated with sulphuric 
acid. Similarly, care should be taken that no alcohol 
or other reducing agent gets into the solution, which 
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should he freshly prepared, and also should he thrown 
away as soon as it becomes dark coloured. The speci¬ 
men should be kept in motion while etching, and then 
immediately washed in hot water. 

According to Vilella (2) this reagent is the only one 
which can be used to etch up the particles of the sili- 
cides of nickel, cobalt, chromium, or iron in certain 
copper alloys (Corson’s alloys). The etching time is 
usually 5-xo seconds. 

Copper-zinc Alloys, High in Zinc. Of the copper-zinc 
alloys containing high percentages of zinc, only the 
^-alloys have any great practical interest. For a cast 
alloy containing 53-9 per cent Cu and 45-7 per cent Zn, 
Rawdon and Lorentz (3) found that— 

(a) good grain-contrast etching was obtained with— 

Ammonia + hydrogen peroxide (io: i) I etching time 15 sec. 

Ammonia potassium permanganate ,, ,, ii min. 

Sulphuric acid ■•{- potassium biehnmiale „ ,, 30 sec. 

(b) good grain-houndary etching was obtained with— 

Ammonia ■+• ammonium oxalate or potassium 

arsenate ...... Etching time 20 sec. 

Bromine water . . . . . ,, ,,20 sec. 

A cast fty-ahoy containing 44-7 per cent Cu and 41-0 
per cent Zn, gave pronounced contrast-etching, y dark 
and p light, with ammonia -|~ hydrogen peroxide, 
ammonia -f- potassium permanganate, hydrochloric 
acid + ferric chloride in alcohol, alkaline copper- 
ammonium chloride, and bromine water. With sul¬ 
phuric acid -f- potassium bichromate the ft etched dark. 
Mainly grain-boundary etching was obtained with 
sulphuric acid -f- hydrogen peroxide, ammonium per¬ 
sulphate, saturated chromic acid, and hydrochloric 
acid + ferric chloride in water. 

Lead in Brass and Bronze. When lead is present it 
is best observed on polished, unetched surfaces. On 
etching lead-containing alloys with certain reagents, 
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particularly ammonia -| potassium permauganalo, a 
light unetched area is obtained around each, particle. 
Knight proposed etching with a io per cent solution of 
an alkaline sulphide, or treatment for about 5 seconds 
with sulphuretted hydrogen, According to (iilligan and 
Curran the same effect is obtained with ammonia -|- 
hydrogen peroxide, or with ferric chloride solution. 
The Bureau of Standards (2) reports that a double 
etching can be carried out with advantage, the first 
etch being with ammonia | hydrogen peroxide, followed 
by treatment with ferric chloride solution. 

Bolton recommends nitric, acid for etching brass and 
high-tin bronze when rich in lead. 

Aluminium Bronze. In the “as-cast” condition alu¬ 
minium bronze is etched without difficulty by the 
majority of the reagents employed for the various 
copper alloys, and, according to kawdon and Lorentz, 
also by strong hydrochloric acid, the etching time being 
about 15 minutes. 

In the worked condition, however, the material is 
occasionally rather troublesome to etch. J. Strauss 
recommends the use of magnesium oxide for polishing 
the specimen. 

Up to the present, ferric chloride or various mixtures 
of nitric and chromic acids have been used for etching 
worked aluminium bronze, although the process is 
often hindered by the formation of some kind of surface 
film on tlxe specimen. Strauss finds that, as a rule, this 
can be avoided by treating the specimen with a 10 
per cent aqueous solution of hydrochloric acid, for 
2-5 seconds, before the proper etch. After the hydro¬ 
chloric acid treatment the specimen is washed in cold 
water, and then quickly immersed in the etching 
reagent to be used. Strauss tested the following re¬ 
agents— 

[a) Nitric acid . . , . . 50 c.c. 

Chromic acid 20 grams. 

Water. 3 ° c.c. 
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(h) Nitric acid ...... 5 c.e. 

Chromic acid ...... 20 grams. 

Water . . . . . . . 75 c.e. 

(1 c ) Hydrochloric acid .... 20 c.e. 

Ferric chloride. ..... 10 grams. 

Water ....... 120 c.e. 

(d) Nitric acid . . . . . . 300,0. 

Water ....... 70 c.e. 

(a) Ammonia . . . . . . xo c.e. 

Water ....... 5 c.e. 


All these reagents gave grain-boundary etching. The 
etching with ammonia resulted in slight grain-contrast 
but less definition of the twinned-structure. 

Alloys with high percentages of iron and sufficient 
aluminium to form the / 9 -solution, e.g. 8-8 per cent Al, 
3-7 per cent Fe, and 87-5 per cent Cu, etch well with 
solution (b) quoted above. The zone-structure of the 
a-crystals appears distinctly, and this is not the case 
with many other reagents. The iron-component appears 
as blue-grey to dark brown particles, depending on the 
time of etching. 

Etching in strong ammonia (sp. gr. 0-90) while 
passing oxygen into the solution, as described by 
Rawdon and Lorentz (3), gave very good results, but 
an etching period of about 30 minutes was required. 

NICKEL AND NICKEL ALLOYS 

Nickel is one of'the most difficult metals to etch in a 
satisfactory manner. Owing to its great resistance to 
chemical action it is necessary to resort to strong 
etching reagents. With these, however, there is often 
the disadvantage that deep etchpits are formed around 
any non-metallic inclusions present, and this has a 
very disturbing effect on the development of the grain 
structure. 

The etching of nickel is, in the majority of cases, 
a grain-boundary effect without any kind of contrast 
between the surfaces of the various grains. The diffi¬ 
culties of etching increase with the purity of the metal. 
Occasionally the specimen has to be re-polished and 
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re-etched many times before a satisfactory result can 
be obtained. 

Of the etching reagents for nickel given below, the first 
three should be regarded as the most generally useful. 

Concentrated Hydrochloric Acid. According to Raw- 
don and Lorentz (2), strong hydrochloric acid is one 
of the best etching media for nickel. The etching 
time is, however, about 1 hour. The A.S.S.T. Handbook 
recommends this reagent specially for cast, and lor 
cold-workecl, nickel. 

Nitric Acid + Acetic Acid. Merica (see Bureau of 
Standards (1)) recommends nitric acid + acetic acid 
as one of the best etching reagents. 

Nitric acid (70%) . 50 c.c. 

Glacial acetic acid (50%) 50 c.c. 

Merica’s reagent has been modified subsequently by 
the International Nickel Co. by the addition of acetone. 
(A.S.S.T. Handbook). 

Nitric acid . 20-40 c.c. 

Acetic acid (75%) 30-400.0. 

Acetone . . 30-40 c.c. 

Both these reagents can be used equally well either 
for cast, or for cold-worked and annealed nickel. 

Ammonium Persulphate. An approximately io per 
cent solution of ammonium persulphate is often useful, 
especially for cast nickel. 

Nitric Acid. According to the A.S.S.T. Handbook, 
concentrated nitric acid is suitable for electrolytic, and 
cold-worked nickel. Etching time about 5 seconds. 

50 per cent nitric acid readily produces etch-pits 
surrounded by coloured rings. Generally, Merica’s 
reagent is preferable. 

Sulphuric Acid + Oxidizing Agent. According to Rawdon 
and Lorentz (3) the following reagents can sometimes 
be used for the etching of nickel. 


Sulphuric acid, cone. . ... i vol. 

Hydrogen peroxide (3%) .... io vol. 

Sulphuric acid, cone. . -. • 1 V°l. 

Potassium bichromate (sat. solution) . . 5 v ol. 
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Hydrochloric Acid + Ferric Chloride. The Bureau of 
Standards (i) states that the following solutions give 
a satisfactory etch— ° 


Hydrochloric acid ..... 30 c>c 

Ferric chloride. ..... .10 era ms 

Water.120 c.c. " 

Hydrochloric acid . . . . . 2 c.c. 

Ferric chloride ..... t m- m 
Water.2- 3 c.c. * 


Aqua Regia. Vilella reports that a solution of aqua 
regia in glycerine is occasionally a useful etching reagent 
for nickel. 

Nitric acid ...... j vol. 

Hydrochloric acid .... 3 vol. 

Glycerine ...... 2 vol. 

According to “ Hiitte ” a dilute solution is useful. 

2% hydrochloric acid in alcohol . . 3 vol. 

2% nitric acid in alcohol .... 2 vol. 

Picric Acid + Hydrochloric Acid. "Hutte” gives— 

Picric acid.i gram. 

Alcohol . . . . . . .25 c.c. 

Hydrochloric acid (sp. gr. 1*12) ... 2 drops 

Electrolytic Etching. According to the Bureau of 
Standards (i) nickel can be etched electrolytically in a 
solution of sulphuric acid and hydrogen peroxide— 

Sulphuric acid . . . . . 22 c.c. 

Hydrogen peroxide . . . . .12 c.c. 

Water . . . . . . 06 c.c. 

Velguth reports that nickel-chrome can be etched 
satisfactorily by being treated first as the cathode in a 
10 per cent sodium hyposulphite solution (or io' per 
cent NaOH solution) for 5-10 seconds with a current- 
density of about 0-24 amp/cm. 2 , at xo volts (activating 
process). The specimen is then transferred without 
intermediate washing, and, therefore, with the surface 
covered by hyposulphite solution, to a bath of 10 per 
cent hydrochloric acid, and, at the same time the pol¬ 
arity of the specimen is changed over so that it now 
acts as the anode. It is electrolyzed in the acid for 






ETCHING OF NON-FERROUS METALS i 43 

8-10 seconds, with a current density of o-x amp/cm. 2 
To avoid rendering it passive the specimen must be 
electrically “alive” on immersion in the hydrochloric 
acid. This double electrolytic treatment is most easily 
accomplished by putting a reversing switch in the cir¬ 
cuit together with a regulating resistance which has 
been previously marked in the correct positions for 
obtaining the desired strengths of current. The speci¬ 
men is conveniently held with crucible tongs which are 
connected in the circuit, and the opposite electrode can 
be made of a piece of graphite or arc-lamp carbon. 

Velguth’s method, which lias been found excellent 
for nickel-chrome, might in all probability be applicable 
to nickel as well. 

Nickel Alloys. Nickel alloys are, throughout, con¬ 
siderably more easily etched than pure nickel. The 
alloys in commercial use are mainly of the a-type, i.e. 
single-phase solid solutions. In the cast form, however, 
they generally exhibit a marked dendritic structure* 
and, as a consequence, in the rolled state a fibre struc¬ 
ture which in many ways is suggestive of that caused 
by phosphorus in iron and steel. Strongly oxidizing 
etching reagents bring out segregates. 

Nickel-copper Alloys. Cupro-niekel, Monel metal, nickel 
silver, etc., can all be etched with the reagents described 
for nickel. When the nickel content is low most of 
the solutions for copper are also serviceable. 

For cast Monel metal Campbell recommends Merica’s 
reagent somewhat diluted. In rolled and annealed 
Monel metal Gcard's solution gives grain-contrast etch¬ 
ing (of- page 137). 

Norbury etched cupro-nickcl by polish-attack on 
parchment with ammonia + ammonium persulphate. 

Nickel-chromium Alloys. Vilella (1) states that nickel- 
chromium can be etched with a solution of aqua regia in 
glycerine. 

According to the author’s confirmatory tests, the 
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electrolytic method of Velguth described above is 
greatly superior, and gives brilliant etchings on the 
nickel-chromium alloys used for resistance and heating 
purposes, as well as on wires for thermo-elements. ' 

ALUMINIUM AND ALUMINIUM ALLOYS 

For the macro-etching of aluminium and its all oys it 
is preferable to use a combination of hydrofluoric and 
hydrochloric acids. 

According to Czocliralski (i) the specimen is first 
etched for some time in a 10-20 per cent aqueous solu¬ 
tion of hydrofluoric acid contained in a capacious 
leaden bowl, until it acquires a fine matt surface. To 
increase the brilliance of the etching the specimen is 
then dipped for a few seconds in concentrated hydro¬ 
chloric acid. If necessary the etching is repeated. 

Flick simplified this method by using suitable pro¬ 
portions of the two acids in one solution, thus— 

Distilled water . . . . . 90 c.c. 

Hydrofluoric acid . . . . . 10 c.c. 

Hydrochloric acid . . . . .15 c.c. 

For macro-etching a 10-20 per cent aqueous solution 
of caustic soda may also be used. 

For determining the distribution of carbides, sul¬ 
phides, and phosphides in cast aluminium, Czoclrralski 
(2) employs a printing process similar in character to 
Baumann’s sulphur-printing for iron and steel (cf. page 
68 ). A piece of photographic silver-paper moistened 
with water is placed in contact with the surface of the 
specimen for about 10 minutes. The gases evolved 
darken the paper in those places where the above 
mentioned impurities occur. 

Preparation of Micro-sections. The grinding and polish¬ 
ing of aluminium and its alloys for microscopic pur¬ 
poses is a difficult task, requiring great experience and 
skill. Strict attention must be paid to the following 
three points if a good surface is to be obtained. 
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( a ) When cutting out the specimen with a saw, it is 
necessary to use a sharp, fine-toothed blade and to cut 
with the least possible pressure, so as to avoid severe 
cold-working. Similarly, great care must be taken when 
filing, grinding, and polishing, that the thickness of the 
cold-worked surface layer is not increased unnecessarily. 

(5) With an unsuitable grinding technique, particles 
of the grinding medium are very easily caused to pene¬ 
trate into the soft surface. Any emery-paper used for 
grinding should be moistened with a solution of paraffin 
in benzol, or with alcohol, paraffin-oil, etc. According 
to Choulant the same result is obtained if the paper is 
rubbed with solid paraffin. 

(c) For the final polishing, magnesia (cf. page xo) 
and distilled water are used on a thin cloth, or even 
better, on plush silk. (Dix). x Choulant polished with 
“Geolin” 2 on cloth, the latter being first moistened 
with spirit and then with 10-20 c.c. of a 20 per cent 
solution of ammonium alum in water. 

In order to avoid the very difficult grinding process, 
microtomes have come into use for preparing a flat 
surface which is comparatively free from cold-working, 
and very suitable for direct final polishing. (Lucas, 
Dix.) 

Structure Etching. Structure etching for microscopic 
purposes is carried out with the same reagents as for 
macro-etching, but, of course, the etching time is 
shortened. 

Solutions of Hydrofluoric Acid. Flick’s solution generally 
gives a good result after etching for 30-90 seconds. 

Water .90 c.c. 

Hytlroilunnc licit 1.90 c.c. 

Hydrochloric acid , . . . .15 c.c. 

When specimens arc etched with hydrofluoric acid the 
surface becomes covered with a dark film of an unknown 
nature. To remove this a further treatment is required 

1 Private communication. 

2 Metal polish from Fritz Schulz, junr., A.G, Leipzig, S3. 
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with either strong nitric acid, or strong chromic acid 
solution. When the hydrofluoric acid has been washed 
off with water, the specimen is immersed for a moment 
in the nitric or chromic acid, and then again washed. 

Hydrofluoric acid has a special tendency to cause 
pitting. 

Sodium Hydroxide Solutions. Aqueous solutions with 
between 5 and 20 per cent sodium hydroxide are used 
to a great extent for general structure-etching. The 
grain, boundaries in pure aluminium are etched up 
in about 1 minute by a 20 per cent solution. In those 
cases where iron aluminide occurs in the grain-bound¬ 
aries a period of 30 seconds is usually sufficient. Even 
when etching with caustic soda a dark deposit is ob¬ 
tained on the etched surface, but it may be removed in 
exactly the same way as after etching with hydrofluoric 
acid.* 

According to the A.S.S.T. Handbook a xo per cent 
sodium hydroxide solution can be used with advantage 
for aluminium alloys containing zinc. These alloys can 
also be etched with 4 per cent nitric acid in alcohol. 

Hydrofluoric Acid + Nitric Acid in Glycerine. Vilella (3) 
states that a solution of— 

Nitric acid ...... i vol. 

Hydrofluoric acid ..... i vol. 

Glycerine ...... 3 vol. 

is an excellent general reagent for aluminium alloys, 
because it gives very good grain-boundary etching, and 
at the same time many of the structural constituents 
present can be identified (see below). 

To bring up the grain-boundaries in the best way, the 
method of alternate polishing and etching is of great 
value. The etching reagent attacks, primarily, the 
aluminium-rich ground-mass and, therefore, makes 
visible the zone-structure caused by segregation. 

The action of the reagent is slow to begin with, and 
the specimen should, therefore, be warmed in hot 
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water, and transferred to the etching liquid without 
drying. The adhering water then accelerates the begin¬ 
ning of the attack. 

For grain-contrast etching of copper-containing alloys 
Dix and Keller recommend the following solution.— 

Hydrofluoric ;u‘id, rune. .... r*o c.c.. 

Hydrochloric acid, rune. . . . .1*5 c.c 

Nitric acid, cone. ..... 2*5 c.c. 

Water ....... o.yo c.c. 

Etching time, 10 20 seconds. After etching, the 
specimen is washed in hot water, and dried in an air 
blast. If it is wiped dry the surface may easily stain. 

Ferric Nitrate. Chouhmt recommends for the etching 
of aluminium alloys containing copper a solution of 
ferric nitrate in alcohol acidified with nitric acid. 
Electrolytic iron is dissolved in concentrated nitric acid 
up to saturation. The solution so obtained is added to 
ethyl alcohol in the proportion of 5 per cent. Etching 
time, 3-5 minutes, at room-temperature. 

Etching for the Identification of the Various Structural Con¬ 
stituents. The metallography of the aluminium alloys 
is extremely complicated and, in parts, is still incom¬ 
pletely investigated. All the light aluminium alloys 
are characterized by an aluminium-rich ground-mass 
wherein various constituents occur as networks, den¬ 
drites, needles, globules, eutectics, etc., according to 
the chemical nature and concentration of the alloying 
elements. The form, and occasionally even the colour, 
of the structural constituents present, often varies with 
the different degrees of dispersion brought about by 
mechanical work or lieat-treatment. The identification 
of these constituents is, therefore, always most easily 
accomplished in the cast alloys. 

Dix (sec Bureau of Standards (3)) has shown that a 
large number of the structural constituents of the 
aluminium alloys can be identified directly in the pol¬ 
ished surface of the specimen, provided that the polish¬ 
ing is properly done. Many constituents, however. 
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require etching for their identification. Moreover, in 
cases where the constituents occur in a very finely 
divided form, etching is essential to remove the thin 
layer of the ground-mass which, even with careful 
polishing, very easily conceals the finely dispersed 
phase. Under these conditions Vilella (3) recommends 
the method of alternate polishing and etching. 

Below is given a list, taken from the A.S.S.T. Hand¬ 
book, showing the characteristics of the most commonly 
occurring structural constituents when observed in a 
polished, unetched, surface. Reference should also be 
made to the identification scheme by Dix given on 
page 155. 


TART.E X 


Structural 

Constituent 

Colour 

Characteristic 

Form 

X-constituent 1 

Lavender 

Crystal skeletons 

CuA 1 9 . 

White to pink 

Needles and granules 

FeAl s . 

Lavender to purple 

Needles 

Al 0 Mg, . 

Light. Whitish 

Needles and granules 

MnAl a . 

Blue grey 

Needles and crystal skeletons 
similar to X-eomponent 

NiAl, . 

Si ' . 

White 

Needles and granules 

Blue grey 

Granules, needles and dendrites 

Mg a Si . 

Blue 

Granules and crystals 

Filigree 2 constituent 

Interwoven 1 ight and 
dark parts 

Lace pattern 

# 


For the identification by etching of the various con¬ 
stituents a large number of methods have been proposed. 

The following summary is based mainly on the results 
of Vilella, Dix, Anderson, and several others, and on 
information from the A.S.S.T. Handbook and Bureau 
of Standards Circular No. 346. It includes the methods 
most commonly used, and their effects on the various 
microconstituents. It may be pointed out that a cor¬ 
rect microscopic analysis calls for very great experience. 
The chemical composition of the structural constituents 
is, in many cases, only partly known, hence some of 

1 Complex Fe-Al-silicide. 

2 Ternary eutectic between CuA 1 2) Mg 2 Si, and aluminium-rich solid solution. 
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the notations used in the following constitute only 
approximate information. 

Nitric Acid in Aqueous Solution. Nitric acid is used as 
a 1-25 per cent solution in water, and the etching is 
carried out at an accurately controlled temperature of 
70° C., to which, temperature the specimen itself should 
be heated before etching. After the proper etching 
time (controlled by clock) the specimen is plunged 
rapidly into cold water to stop the process. It is highly 
important for the whole operation to be carried out 
with precision if comparable results are to be obtained. 
In English and American literature this method is 
described as the "nitric acid quench.” 

According to Hanson and Archbutt, after etching 
for 2-3 seconds in the 20 per cent solution, Cu Al 2 is 
coloured brown, while Fe Al a and most of the other 
constituents are not affected. If the etching is increased 
to 30 seconds (especially in a 25 per cent solution) 
Cu Ah acquires, according to Dix, a dark colour, while 
Fe Al 3 retains its lavender-like shade, although its 
boundaries are more clearly outlined. The X-con- 
stituent acquires a light grey tone. 

By etching for 40 seconds the usually weak contrast 
between Fe AL, and Fe—Si 1 can be increased. 

Nitric Acid in Alcohol. For etching aluminium-magne¬ 
sium alloys, 1 per cent and xo per cent solutions 
are used. It is stated that Mg a Al a is coloured brown 
by the 1 per cent solution. 

According to C'zocliralski (3) a 5-20 per cent solution 
of chromic acid in water is also a particularly sensitive 
etching reagent for showing Mg 2 Al 3 . 

Solutions of Ferrous Sulphate. Anderson (5) states that 
a 5-10 per cent aqueous solution can be used to dis¬ 
tinguish between Cu AI 2 and Fe Al 3 . 


1 This notation is used to indicate a microconstituent, of which the exact 
composition is as yet undecided, but which is known to consist mainly of the 
elements indicated. (Tran da tor* s Note.) 
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45 seconds etching in a 10 per cent, or 3 minutes in 
a 5 per cent solution colours Cu AL brown to black 
while Fe Al : , is not changed. The same result is ob¬ 
tained, however, with the nitric acid quench, which is 
more generally used. 

According to Choulant, ferrous sulphate gives good 
results with cast alloys; but not always with worked 
materials, in which the size of the particles is smaller, 
so the following is recommended. 

Ferric Nitrate in Ethyl Alcohol. Choulant’s etching re¬ 
agent ( cf . page 147) colours Cu AL a light or dark brown 
in 3-5 minutes, and all the other compounds (including 
Ni Al., and Fe Al s ) are left uncoloured. To identify 
Fe AL, the specimen is subsequently etched with 20 per 
cent H 2 SO„, according to Meyer’s method (cf. page 151). 

Solutions of Sodium Hydroxide. Sodium hydroxide is 
employed in 0-1-20 per cent aqueous solutions; the 
addition of alcohol retards the etching. 

Light etching in 10-20 per cent aqueous solution 
increases the contrast between Fe Al., and aluminium 
by bringing up the boundary-lines. In this manner 
a 20 per cent solution is useful for detecting Fe AL in 
wrought aluminium. 

Caustic soda colours Cu AL dark brown after suffi¬ 
ciently prolonged etching. Fe Al ;( is attacked more 
rapidly when it occurs together with Cu Al 2 than when 
it is found alone. Ni AL, is coloured brown, and is 
attacked more rapidly than Cu Al 2 . When Cu AL, 
Fe Al 3 , Ni Al s , and Mn Al ;! , occur together in an alloy 
the Cu Al 2 can be distinguished from the three last 
named constituents, but they, however, are all attacked 
in the same way and, therefore, cannot be differen¬ 
tiated among themselves. 

Mg 2 Al 3 is practically unattacked by caustic soda 
solution. 

Mn Al 3 is darkened by caustic soda to which some 
hydrogen peroxide has been added. 
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Dilute solutions, e.g. 0-1-1 per cent, may be used to 
indicate Fe Ah, in silicon-aluminium alloys. On swab¬ 
bing with such reagents the Fe Al 3 at first acquires a 
paler shade. With prolonged treatment this colour 
finally changes to brown. To distinguish between 
FeAl 3 and Si the etching is stopped when the former 
has acquired a pronounced lavender colour. 

According to Dix, after 10 seconds swabbing with 
1 per cent NaOH solution, Mn Al ; , can be distinguished 
from Fe-Cu and Cu-Ni because it is coloured blue to 
brown, while the other constituents are unaffected. 
With a 5 seconds etch in a 10 per cent solution at 70 0 C., 
Cu-Ni can be differentiated from Fe-Cu, because the 
former is not attacked to any notable extent, while the 
latter is coloured a light brown; etch pits are formed 
during the attack. 

Picric Acid. 4 per cent picric acid is used by A. Meyer 
for identifying Cu Ah in Al-Fe and Al-Cu alloys, and 
also in Al-Cu-Zn, Al-Cu-Sn, Al-Si and Al-Ni alloys con¬ 
taining small quantities of iron. After 10-20 minutes 
etching the Cu AL is darkened while Fe Al 3 and other 
constituents are unattacked. As compared with NaOH 
solutions, picric acid has the advantage that the surface 
as a whole is scarcely attacked. On the contrary, 
etching with caustic soda produces a general roughening 
of the surface. 

Sulphuric Acid. According to A. Meyer, a 10 per cent 
solution in water may be used at 70° C. The specimen 
is immersed for a few seconds in the hot solution and 
then cooled off in water. The cooling is, however, not 
so essential as it is in the "nitric acid quench." 

By etching with sulphuric acid Fe Al 3 is darkened, 
while Cu AL and Ni Al :l are-unattacked. 

Dix reports that, as a result of a 30 seconds etch in a 
20 per cent solution at 70° C., Ni Al 3 and Fe-Mn can 
be differentiated from Mn-Si and Cu-Fe-Mn. The 
former are not attacked, while the latter are either 

II “(5690) 
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attacked or coloured. In a similar manner Mn A1 
Fe-Cu, and Cu-Ni may be distinguished from Fe Alj 
and Fe-Si. 

Hydrofluoric Acid. Hydrofluoric acid is used in 
aqueous solutions containing o-oi-xo per cent of acid. 
The dilute solutions can be used safely in glass dishes 
but, in such cases, should be freshly prepared. The 
strong acid should, of course, be measured out in a 
paraffined graduated-cylindor. 

According to Dix the best method of etching for the 
first preliminary investigation of an aluminium alloy 
consists, in general, of a brief swabbing with a 0-5 per 
cent solution. In this way the aluminium-rich ground- 
mass is only slightly attacked, but just sufficient to 
remove the thin flowed layer which, as a rule, partly 
covers the various constituents after polishing. 

As regards the etching technique, the specimen is 
warmed up by washing with hot water and then swabbed 
with a piece of cotton-wool saturated with the etchant. 
After swabbing for the proper time, the specimen is 
washed again in hot water and dried in an air blast. 
Rubbing removes the products of the reactions. If 
swabbing is not employed the surface of the specimen 
darkens. This can be avoided by adding a few drops 
of nitric acid to the etching solution, or by momentarily 
dipping the specimen in strong nitric after etching. 
For the photomicrography of highly dispersed con¬ 
stituents at high magnifications very dilute solutions, 
e.g. o-oi-o-i per cent, are employed. 

Light etching with solutions containing o-i-i-o per 
cent HF only accentuates the intrinsic colours of the 
constituents, and Dix makes extensive use of such 
etching in his scheme of identification which is given 
on page 155. Prolonged etching slowly darkens Fe Al 3 . 

Five seconds etching in a 2 per cent solution gives 
Fe Al 3 a purple to pale brown colour, the X-constituent 
turns golden brown, and Si dark purple. HF of this 
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concentration is of considerable value for etching up 
the boundary lines of the intermetallic compounds 
existing in the. aluminium-rich ground-mass, and, as 
a rule, for this purpose only a momentary immersion in 
the etching reagent is required. 

A 5 per cent solution colours Ni Al : , brown, and 
blackens Idn Al ;1 , while a. 10 per cent solution very 
rapidly blackens Fe A 1 :1 and Cu Al a . 

Solution of Hydrofluoric Acid i Nitric Acid in Glycerine. 
Vilella’s etching reagent for aluminium alloys-. 

Nitric acid ...... i vol. 

Hydrofluoric acid ^ vol. 

Glycerine . . . . . . 3 vol. 

is, as mentioned previously, excellent for bringing out 
the general structure, but, at the same time, it also 
provides a means of identifying a number of the struc¬ 
tural constituents which commonly occur. The reagent 
mainly etches the aluminium-rich ground-mass, but 
while some of the intermetallic compounds are not 
attacked and remain in their natural colours, others 
are etched lightly so that characteristic tints are 
obtained. 

With this reagent, just as with all the others pre¬ 
viously described, the fact remains that an identifica¬ 
tion of the structural constituents based only on 
differences of colour produced by etching is not always 
absolutely reliable, because variations in size of the 
particles of the constituents sometimes cause definite 
changes of colours. 

The following is given according to Vilella (3). 

Occurrence of Iron and Its Identification. Iron occurs in 
aluminium alloys in at least six different forms, or 
seven if a solid solution of iron in aluminium containing 
less than 0-13 per cent Fe is presumed to exist. 

1. As a eutectic of Fe Al 3 and A1 in alloys containing 
up to 2-5 per cent Fe. In this form it is not attacked 
by Vilella's etching reagent, and may be recognized by 
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the typical eutectic structure, and by its natural light 
purplish colour. 

2. As star-like primary crystals of Fe Al s in alloys 
with more than 2-5 per cent Fe. These are not attacked 
by the reagent but appear to be light blue-grey in colour. 

3. As the X-constituent in alloys containing over 
0-30 per cent Si and 0-30 per cent Fe. This constituent 
is formed more easily in alloys containing more 
than 2 per cent Cu, and there occurs associated with 
Cu Ah. It can be easily identified by its characteristic 
appearance, and its reddish-brown colour. 

4. In alloys with 0-30 per cent Si and 1 per cent Cu, 
iron occurs also in the constituent which is described 
as “Chinese script.” After etching with the glycerine 
solution this component is coloured deep violet when it 
occurs in small areas, and varies between green and red 
when in large areas. While the X-constituent appears 
in the peripheral parts of the crystal grains, the 
“Chinese script” is found Always at the kernel of 
the grain, and is never associated with either the 
X-constituent or Cu AL. 

5. In alloys containing manganese, the iron appears 
to form a complex aluminidc with the manganese. This 
constituent, which is water-blue in colour, is not 
attacked by the reagent. Duplex crystals of this alu- 
minide often occur, with one part coloured grey, and 
the other the usual blue shade. 

6. In alloys with a high percentage of silicon and 
more than 1 per cent Fe, the latter occurs as long thin 
needles. These act as centres of crystallization for the 
silicon, and are enclosed in a shell of the latter. The size 
of the needles, but not their number, increases with 
increasing iron-content. In those cases where the 
needles are sectioned through the core during the prep¬ 
aration of the specimen, the part containing iron 
appears with a blue colour similar to that found in 
material containing “Chinese script.” 
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Occurrence and Identification of Copper. In concentra¬ 
tions of less than 2 per cent copper remains in solid- 
solution in the light aluminium alloys. Whatever is 
present over this amount appears as Cu Al 2 . The copper 
aluminide, which is not attacked by the glycerine 
reagent, retains its natural pink colour. It is always 
found at the grain-boundaries in that part of the solid- 
solution which is richest in copper. 

LEAD, TIN, AND BEARING METALS 

The soft metals, lead and tin, are extremely difficult 
to prepare in a satisfactory manner for microscopic 
investigation. Baucke recommends grinding with a 
rotary movement on emery paper moistened with a 
mineral oil, and finally polishing with magnesia and 
petroleum on chamois-leather. However, the best pre¬ 
paration for these soft metals is undoubtedly obtained 
with the help of a microtome. Ordinary blotting-paper 
without any kind of polishing medium is sometimes 
recommended for the final operation. 

Hydrochloric Acid. Hydrochloric acid (sp. gr. 1-12) is 
one of the commonest etching reagents for lead, tin, 
antimony, bismuth, and alloys of these metals. Wust 
reports an etching period of i-io minutes for lead. 
When etching alloys in strong HC 1 , a few seconds are 
often sufficient. 

Hydrochloric acid gives, in general, grain-boundary 
etching. 

The A.S.T.M. (3) recommends a 5 per cent aqueous 
solution for alloys containing zinc, and 5 per cent in 
alcohol for tin. 

In “Hutte” a x per cent solution in alcohol is given 
as an etchant for lead and tin, and for white metals in 
general. 

Nitric Acid. The A.S.T.M. recommends a 2 per cent 
alcoholic solution for tin-rich alloys, and a 5 per cent 
solution for lead-rich alloys. Meyer gives 2-3 seconds 
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as the etching time for tin in a 2-5 per rent solution in 
alcohol. 

Baucke prescribes for Ioail an etching time of 1 hour 
jjj y"pcr cent alcoholic solution; more highly concen¬ 
trated solutions easily produce etch pits. 

Beckinsale and Watci house recommend a 10 per 
cent a<]uc<ms solution for lead. 

Campbell states that rare is required when etching 
zinc-base bearing metals with nitric acid, because they 
are easily overetched. 

When using aqueous solutions of nitrie acid a little 
chromic acid may sometimes he added. 

Nitric acid generally gives a grain contrast etching. 

Hydrochloric Acid j Nitric Acid. Hargreaves gives the 
following as an etchant for eutectic lead tin alloys. 

Hydrochloric ;*< it} io e,e. 

Nitric, arid . 5 r.r. 

Alcohol . . H«j e,e. 

Hydrochloric Acid Feme Chloride. The A.S.S.T. Hand¬ 
book quotes, as a good etching reagent for lead- 
antimony alloys, and Babbit metal- ■ 

Ferric chloride, 10 grams. 

Hydrochloric at id 30 c.c. 

Water . 120 c.c. 

Hydrochloric Acid | Potassium Chlorate. Stated by Wust 
to give grain-contrast (‘telling in the case of tin. 

Stannous Chloride. According to Metalltechnischer 
Kalender, stannous chloride in acid solution can be 
used for tin and tin-rich alloys. 

Acetic Acid. A 5 per cent solution in alcohol gives, 
according to (Toeltralski, grain-contrast etching in 
lead, although the action is very slow. For lead-sodium 
alloys the same author uses acetic acid + perhydrol. 

Rutherford states that lead and its alloys may be 
etched with-. 


Acetic acid, glacial . 
Hydrogen peroxide {<>%) 


3 parts 
x part 
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Etching time, 10-30 minutes. The specimen is dried 
with alcohol and cleaned in strong nitric acid. The acid 
is removed by rapidly plunging the specimen into a 
large volume of water. For pure lead and pure lead- 
tin alloys, this treatment with nitric acid is often 
unnecessary. 

Ammonium Persulphate | Tartaric Acid. The following 
is given by "Hutte’’— 

5 vols. of 10 per cent solution of ammonium-persul¬ 
phate in water. 2 vols. of a solution of 41-4 grams 
tartaric acid in 150 c.c. water. 

Sodium Hydroxide. In MetalItechnischcr Kalender a 
saturated solution of NaOH is given for Pb-Sn alloys. 

Bromine Water. Also mentioned by the above for 
Pb-Sn alloys. 

Silver Nitrate. According to the A.S.S.T. Handbook, 
a 5 per cent solution in water is suitable for alloys of 
lead, tin, antimony, bismuth, and anti-friction alloys. 

Picric Acid. Osmond states that picric acid dissolved 
in acetone can be used for etching lead and its alloys. 

Electrolytic Etching. According to Metalltechnischer 
Kalender a solution of lead nitrate can be used for the 
electrolytic etching of lead-tin alloys. 

For a similar method of etching lead Bcckinsale and 
Waterhouse state that ammonium nitrate or acetate 
can be employed. 

Hughes etches lead electrolytically in the following 
solution— 

Perchloric acid (sp. gr,, 1*2) 30 c.c. 

Water .... 270 c.c. 

Current density, 9 amps/dm 2 at 2 volts, with electrodes 
4-5 cm. apart. Time of etching, 5-10 seconds. 

To bring up etch-figures the time is prolonged up to 
20 minutes. Of course, the perchloric acid solution alone 
etches the lead, but the process is quicker and more 
reliable when electrolysis is used. 
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ZINC AND ZINC ALLOYS 

The polishing of zinc specimens is sometimes a 
matter of difficulty. Hayes polishes with metal-polish 
on chamois leather without using water. Bingham 
employs MgO on cloth, and states that no difficulty 
is experienced if, towards the end of the operation, 
the polishing powder is washed away, so that the 
final stage is carried out on an almost clean cloth. 
For preparing specimens by alternate polishing and 
etching the following reagent is recommended. 

Chromic Acid | Sodium Sulphate. The Palmerton etch¬ 
ing reagent. 1 

Chromic anhydride . . . 10 grams. 

Sodium sulphate- . . . 1*5 gram. 

Water . . . . . 100 c.c. 

This is recommended by Pulsifer. Etching for 20 
seconds gives a good result with the rolled material. 
Cast zinc requires a somewhat longer time. 

The A.S.S.T. Handbook advocates the above reagent 
with a double quantity of chromic anhydride— 

Chromic anhydride 20 grams. 

Sodium sulphate 1*5 grams. 

Water . . 100 c.c. 

Nitric Acid | Chromic Acid. Timofeefs reagent is recom¬ 
mended by the A.S.T.M. (3). 

Nitric acid 94% 

Chromic acid 6% 

A few drops of this stock solution are added to ioo 
c.c. water immediately before use. 

In "Hutte” a slight modification of the above is 
described- 

Nitric, acid ...... 32 c.c. 

Chromic acid ..... . 0-206 gram. 

Water . . . . . . . 1 c.c. 

Make up with water to 1,000 c.c. 

1 GY. Pierce, \V, M,, /. Inst. Metals, 1921, 26 , 316. (Discussion on IngalPs 
paper.) (Translator's note.) 
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According to Desch, Timofeef’s reagent is excellent 
for bringing up small amounts of other micro-con¬ 
stituents in zinc. 

Nitric Acid. Hayes (itches in fuming nitric acid (sp. gr. 
1-5) for about 1 second. The specimen is held with 
zinc tongs and washed with water immediately after 
etching, then dried with hot air. 

“Hutte” gives three different concentrations of 
dilute nitric acid as being suitable for zinc, namely, 
0-5, x-o, and 10 per cent solutions. 

Hydrochloric Acid. The A.S.S.T. Handbook recommends 
5 per cent hydrochloric acid for etching zinc-rich alloys. 

Sodium Hydroxide. Sodium hydroxide solution is men¬ 
tioned in Chemical and Metallurgical Engineering (see 
Anon (1)) as an etching reagent for zinc and zinc-rich 
alloys. 

Iodine Solution. According to the above authority a 
1 per cent solution of iodine in alcohol can be used for 
both zinc-rich and cadmium-rich alloys. 

In the A.S.S.T. Handbook the following solution is 
given— 

Iodine ....... 1 part 

Potassium iodide ..... 3 parts 

Water . . . . . . .10 parts 

Electrolytic Etching. For ternary alloys comprising 
zinc, copper, and aluminium, Bingham recommends 
electrolytic etching in a solution of— 

Hydrochloric acid . . . . . 20 drops 

Ethyl alcohol , . . . . . 50 c.c. 

“ Atmospheric Etching.” Bingham reports that an 
excellent grain-houndary etching of zinc is obtained 
if the polished specimen is allowed to remain in the 
air for from a few hours up to three days. Slightly 
warming the specimen hastens the process. Thus, at 
ioo° C., an etching period of 15 minutes is usually 
sufficient. 

Hayes states that “atmospheric etching” is satis¬ 
factory for cast material but not for rolled. 
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SILVER AND SILVER ALLOYS 

Pure silver and silver-rich alloys are, on account of 
their considerable softness, in many cases difficult to 
polish. Sometimes polishing with “metal polish” on 
chamois-leather gives a useful result. The best effect, 
however, is obtained by polishing with MgO on cloth, 
but it is of the greatest importance to maintain the 
correct amount ol moisture on the polishing disc. 
Norbury recommends polishing with “Silvo” on a 
rotating "Selvyt” pad. 

There is no del ailed information in the literature 
about the etching of silver. The following etching 
reagents have been proposed 


lileh in ft li'cautut 
Ammonium persulphate . 

Nitric acid .... 
Nitric add • • i vul, ) 

Hydrochloric acid . s v«»l, £ 

Water . . - ,) 

Glacial acetic acid in alcohol . 
Iodine solution j IIH . 

Ammonia I hydrogen peroxide 
Tarnishing .... 
Electrolysis in m" u citric ;u id 
Chromic acid I hydmgtm peroxide 
Chromic acid j sulphuric atid. 


A uthovity 

Amm, (i) 

Anon, (i) 

• I Handbook 

Metallleehn, Kalcndcr 
Metaltteehn . K a lender 
.1 / etui Iteehn , A' a lender 
XIHalitechn. Kalcndcr 
Adcock (t) 

Smith, Miller 
Norbury 


With reference to the last mentioned reagent, enough 
chromic acid is dissolved in water to make a faintly 
pink solution, and a few drops of sulphuric acid are 
then added. If too much chromic acid is present the 
specimen becomes covered with a film of silver chro¬ 
mate, while with too little the sulphuric acid produces 
a yellow-stained etching. 








BIBLIOGRAPHY 

REFERENCES UTILIZED IN THE TEXT 


192°, S 3 , 383; 


irirock F., D) /■ Inst - Metals. 1 1 (H). T>L 

t S' F„ (a) 7. lust. Metals, uuz (I), 27 . 74. 

Allison'F G., and Rock, M. N., (hem. and Met. ling., 

Kll Stahl u. Hiaen, y>2j (I I), 41 1007. 

\mberg, K., jernk. Ann., 1<»-!(>, //«*, 48a. 

American Society Tor Steel Treating, Handbook, lid. 1929. 

American Society for Testing Materials, (1) Proceedings, 1923, 23 (I), 

American Society for Testing Materials, (2) Proceedings, 1924, 24 (i), 

I08 

American Society for Testing Materials, (3) Proceedings, 1927, 27 (I). 
760* 

American Society for Testing Materials, (4) Standards, 1927 (I), 75 6. 
Anderson, It. J., (0 C-Va-m. «*«* Afrf. ling., ujtH. jg, i? z . 75 

Anderson, R. J., (*) ./. PrunhhnInst .1919, /A 7 , x. 

Anderson, R. J., ( 3 ) and Met. hug., hjiij, a/, 229. 

Anderson, R. J., (4) Afr/. (h<»‘d.), 1921, ?», 69; CAem. 1921, 

15 , 1482, 

Anderson, R. J., (5) Metallurgy of Aluminium and Aluminium Alloys, 
New York, 19-* 5 * 

Anonymous, (1) GVnw. and Met. ling., nyzi, 24 , 207. 

Anonymous, (2) Chew, and Met. Eng., uyzz, 20, 778. 

Archer, R. S., Trans . rimer. Inst, Min. Met. Eng., 1920, 6*2, 754. 
Baraduc-Muller, I,., Rev. Met., itjio, 7 , 680. 

Baucke, — Jnt. 7 cits , Metallographies 19 ri, 2 , 243, 

Bauer, 0 ., Metallurgie, 3 , 579. 

Bauer, O., and Hanson, M., KupferZinklegierungen, Berlin, 1927. 
Baumann, R., Metallurgie, 1 <><><>, 11 , 416. 

Baykoff, M. A., Etv. Met., 1900, 0, 829. 

Beckinsale, S., and Waterhouse, H., J. Inst, Metals, 1928, 39 , 375. 
Behrens, H., Das mikroskopisehe (lefugc der Metalle und Legierungen, 
Leipzig, 1894. 

Belaieff, S. S., Chem. and Met. Eng., 1922, 27 , ro<86. 

Belynski, S,, Stahl u. Risen, 1912 ( 11 ), 32 , 1467; J. Russ. Met. Soc., 
1912, p, 396. 

Benedicks, G., (1) ,/. Iron Steel Inst., 1908 (II), 77 , 153. 

Benedicks, C., (2) Tidskr, Idem. Mat. Eys. Kemi., 1925, 9 , 39. 

Benedicks, C., (3) Metallographic Researches, New York, 1926. 

Benedicks, C., and Lnfquist, 1 L, Nan-Metallic Inclusions in Iron and 
Steel, London, 1030. 

Benedicks, C., and Soderholm, P., (1) Arkiv. Mat. Astron. Fysih, 1925, 
19 , No. 1, 

Benedicks, C. r and Soderholm, 1 \, (2) Jernk. Ann., 1928, 112, 565. 
Bingham, K. K., J. Inst, Metals, uyzo, 24 , 542. 

Bolton, J, W,, (ij Foundry, uyzz, 50 , 53. 

Bolton, J, W,, (2) Foundry , 1922, 50 , 787. 

163 



Ifu 


HANDBOOK OF ETCHING 


Holton, J. \V, ( ( 3 ) Foundry Data Starts, Nos, 351 468, 1922 and 190? 
Bolton, j. W., (4) Iron Trade Rev,, 1924, 13, 544, 

Bureau of Standards, (1) Circular No. 100, 1,921. 

Hurtful of Standards, {2) Circular No. 113, 1921. 

Bureau of Standards, (3) Circular No. 346, 1927. 

Campbell, W., Chan, and Met. Eng., 1220, 26, 1163; Stahl u Risen 
1922 (II), 42, 1219. 

Canfield, R. H., ('hem, and Met. Eng., 0)24, 30, 470. 

Charpy and Bonnerot, S., (Unapt, rend., 1017, ton, 336. 

Ohonlant, II., 7 S Metallkunde, 1029, 3 /, 197. 

Comstock, G. I*'., ( 1 ) Iron ‘Trade Rev,, 1 <)U>, 30, 1195 ;. Stahl u. Risen, 

1 91 7 (I), 37, 3 S 3 ; Trans. . Inter. Inst. Min. Met, Eng., 1916 , 56, 553 ! 
Comstock, (*». IS, ( 2 ) ‘Trans, .Inter, lust. Min. Met. Eng., 1920 , 62, 703 . 
Corson, M. <S, .inter. Inst. Min. Met., Eng. lech. Pitbl., No. 06, 1928. 
Czoehralski, J ., (1) Stahl tt. Risen, 1913 (II), 33, 1073 and 1129. 
Czochralski, J( 2 ) 7S Metallkunde, 1923 , 13, 273 . 

Czoclmilski, J., (3) Moderne Metallkunde, Berlin, 1924. 

.Daevas, K., Stahl tt. Risen , i<) 2 i (XI), 41, 1262. 

Desch, ('. H., J. Inst. Metals, 1915 (*)> i; T 201. 

Dix, IS H., Jr., (1) Client, and Met. Eng., 1 922, 27, 1217. 

Dix, IS H„ Jr., (2) Trans. Amer. Inst. Min. Met. Eng., 1923, 69, 957. 
Dix, K. H., Jr., (3) Rroc. Amer. Soc. Test. .Mat., 1923, 23 (II), 120. 

Dix, IS H., Jr., and Keith, W. D,, Pvoe. Amer. Soc. Test. Mat., 1926, 
^6* (II), 317. 

Dix, K. H., Jr., and Richardson, 11 H., Trans. Amer. Inst. Min. Met. 
Eng., U) 2 f>, 73, 560 . 

Durand, J., Gthtie civil., 1924, 85, 131 ; Stahl a. Risen, 1924 (XI), 44, 
1388; Stahl it. Risen, 1923 (J i), 45, 1331. 

Kichholz, W., Ber. V. Risenhitttenle 11 te, Weykstoffaitsschuss, 1923, No. 34. 
Endo, H., Sci. Rep. Tdhoku. Imp. Univ., 1928, .77, 1243. 

Flick, F. B., Trans. Amer. Inst. Min. Met. Eng., 1925, 71, 8:1:6; J. Inst. 

Metals, 1925 (II), 31, 472; Chem. Abs., 1926, 20, 1381. 

Fremont, Ch., Rev. Met., 1908, 3, 649. 

Fry, A., (1) Kritpp. Monatsh, 1921, 2, 118. 

Fry, A., (2) Ber, V. Eisenhuttenleute, Werkstoffausschuss, 1921, No. 6. 
Gat, J. D„ Blast-Fur. and Steel Plant, 1924, 12, 336; j. Iron Steel hist., 

1925 (X), 111 , 582. 

Gill, J, IS, and Bowman, L. D„ Trans. Amer. Soc. Steel Treating, 
192 T, 2, 184; Stahl u. Risen, 1923 (II), 43, 1 178. 

Gilligan, F. IS, and Curran, j. J., Iron Age, 1920, 103, 637; Stahl u; 
Risen, 1920 (II), 40, 1671. 

Glazunov, A., Chim. et hid., Special No. 4 25 (Feb.), 1929; Chem. Abs., 
1929, 23, 5423. 

Goerens, P., (1) Metallurgie, 1907, 4 , 177. 

Goerens, P., (2) Metallogvaphie, Halle, 1926. 

Goerens, P., and Dobbelstein, W., Metallurgie, 1908, 3, 561.^ 

Greene, O. V., Iron Age, 1924, 144 , 613 and 670; Stahl u. Risen , 1924 
(II), 44, 1543; J. Iron Steel Inst., 1924 (II), 110, 448. 

Groesbeck, E. C. (1) Proc. Amer. Soc. Test. Mat., 1924, 24 (I), 740. 
Groesbeck, E. C,, (2) Proc. Amer. Soc. Test. Mat., 1926, 26 (I), 569. 
Groesbeck, E. C., (3) U.S. Bur. Stand. Sci. Papers, 1925, No. 5x8. 
Guertler, W., Metalltechnischer Kalender , Berlin, 1926. 

Guillet, L., Etude industrielle de$ alliages mdtalliques, Paris, 1901. 



H/nuodRAPijy 


165 


Hanson, J>.. and 

Stahl u. Hi sen, 

Hargreaves, 1 


Arcddmt t, S. E,, J. Inst. Metals, 19x9 (I), 21, 291; 
1919 (II)» M , 1 - 177 * 

/. / nst. Metals, 1027 (II), 68, 315. 
u- nroe r 1, r., Trans. Amer. Sac. Steel Treating , 1925, 7 , 237. 

Hatfield, W. H., ,/- /no/ Steel Inst., 1915 (II), 02, 122; Stahl u. Risen, 
\ Q2 6 (II), 40, Io(, d- 

Haufe Kritpp. Mannish., 192b, 7, 00 ; Stahl it. Risen, 1926 ( 1 ), 46, 899. 
Haves* H. H., J. /«.s 7 . Metals, 1920 (I), .‘/.V, 341 ; Engineering, 1920, 
466; u. Risen, 1920 (I), 40, 731. 

Warninwav K. M., and Knsminger, G. K., 'Trans. Amer . ./ws/. 
is//#.’, *' 922 , ^’ 7 , 392; it. Risen, 1923 (II), 43 , 1177. 


Heyn.E., (1) A-////, A\ M aterialpriif. Berlin-Inchterfelde, 1906, 5 , p. 253 

Heyn! Is/, (2) Interna/. C'ongr. Test. Mat., Brussels, 1906, 6e. 

linin' k! (3) Stahl u. Risen, 1 90O (I), .?6*. 8. 

Heyn* E.,* (4) S 7 a//Y //. Risen, 1908 (II), 2«V, 1827. 

Hevn E,, and Bauer, < )., Metallographie, Berlin, 1909, p. 21. 

Hiipert, S., and Colvcr-Glauert, K., J. Iron Steel Inst., 1910 (II), 82, 
54; Z. anorg. Chem., 1910, OH, 03; Metallurgy, iyn, S, 155. 

Hoke see Rawdon and Kpsiidn. 

Holman, B. W., J. Inst. Metals, 1927 (I), 37, 69. 

Homerberg, V. (>., Trans. Amer. Sac. Steel Treating, 1924, 6, 295; Stahl 
u. Risen, 1924 (II), 44, 15.13. 

Hughes, W. Is., J. hist. Metals, 1921 (II), 26, 3b 1. 

Hultgren, A., fernh. Ann., 1921, 106, 499 * 

Humfrey, J. C. W., ,/. Iron Steel Inst., 1919 (I), 99, 273; Stahl u. Eisen, 
1920 (I), 40, 550. 

Htitte Des Ingenieurs Tasehenbneh , Berlin, J925, Bd. x, p. 7 ° 7 - 

Iron and Steed Institute, Report on the. Heterogeneity of Steel Ingots, 
T Iron and Steel Inst., 1920 (I), 116, 90. 

Isclxewskv, W., Stahl u. Risen, 1903 (I), 36, 120. 

Jevons, J. !>., (0 J . iron Steel Inst., 1925 (I), 111, 191; «. £***«, 

1925 (II), */£, 154°- . r _ c 7 

Jevons, J. I)., (2) lin^inevnng, 1927, /^, T.55 and 221; /. Iren Stef/ 
Ins*., T927 (I), 110, 946. _ , . . . 

Jimeno, K., and del Fresno, Anal. Sac. espan. hisi. Quimi., 1924, 
22, 246; Stahl it. Risen, 1925 (I), */£, 317. 

Johnson, G. I Heat-Treating and Hording. 1928 U, 870. 

Jungbluth, II., Krupp. Monatsh., 1924, 6, 95; Stahl u. Risen, 1924 (II), 


44, 955. 

Kalling, B., Jernk. Ann., 1927, ///, O09. 

Kalling, B., and Bagels, G., ,/f/v//e. /B/w., 1926, JJ 0 , 209. 

Kerns, R. S., Foundry 41 Data-Sheets," Nos. 335 " 33 8 > I 920. 

Kesliian, H. G., Trans. Amer. Sot:. Steel Treating , 1927. ^ 68 9 - 
Kimer, J., Metallurgie, r<n 1, H, 76. 

Kjerrman, H., / ernk. Ann., 1929, 113, x8i. 

Knight, O. A., 'iron Age, uyzo, I OS, 327. 

Kourbatoff, M., (i) Rev. Met., 1905, 2, 169. 

Kourbatoff, M., (2) Rev. Met., 1906, 3, 648. 

Kroll, A., /. 7 nw Stef/ Bz.sA, ic)io (T), <$/, 3 ° 4 - 7 ~ 

Kiinkele, M., her. V. Eisenhuttenleute, Werkstoffausschuss, 1925. jNo * 75 
Law, E. F., /. />cm Stef/ /«$*., 1907 ( lI )» 74 > 94 * 

LeChatelier, II., Bull. Sac. d'Encour., 1896, 95, 559 * 

LeChatelier, H., and Bogitch, B., Rev . MU., 19*9* 16 > I2 9- 



!(>(> 


11 .1 DHOOK OF ETCII INC 


I.I‘ ChatHicr, M., and Duptiy, K. I,., Com Ft. rend., i<n 7 105 o (C ,. , 

h. hunt, ii)U> (1), 30, <> 7 ; Urr. Met., mils ir, r> 7 ' ’ 349 ’ Stail 

Lit ChalcluT, H„ ami Uunohm, J., Urr. Met., u,is m 6 „, 

Uutner, I'., St/M n. Fine,,, u y >/, ((), 4f , t ^ 5 ' ' * 49 ' 

I.oskicwicz I.„ UrrMet., r./, oKi ; Stahl u. Hisrv lg2 , an ,, 

io8i ami 2924 (II), 44 , 17*56. J23 vK), ^ 3 , 

7 W ' JW*«. Afei. Eng., 

MeCanoe, A., (2) 7. II'. /ran Steel Inst., 1916 17 ‘>4 q r. r r 

K, / ns f' f /y /» 2 ^ <;; ^7 Trades Rev ,,*ig 18* 56 ‘ 430^ 

Met mice, A., (~) ,/• H • Scot, Iron Steel Inst., igig, 27 38. * 4 ^' 

MeCanoe, A,, (3) < 7 e*m. and Met. Hug., 192o, (>54 {'Trans. Farctdav 
I 7 2 ;'V - 7 « * 7 °: ^'<6/ ( <w/ trades Uric, 1925, /ya 1002 and took 
M ahmh. G ami Boils, II. VV., ( 7 /rng nwrf Met', ting., 1922 27 Q 8o-’ 
AAi/J w. Risen, uyz 2 (11), ./*/, 1928. & J ' jao > 

Matweieff, M., (i) AVe. Met., U)io, 7, 447. 

MatwemlC, M., 9 ) ./• Huss. Met. Soe., uji i, v . 301 ; Stahl u. Uisen, ign 

Matwuitiff, M., (3) liev. Met., uuo, 17 , 736. 

Merica, X*. I C 'hem. and Met. ling., 1928, to, X 55. 

Mcyor, A Z. Mrtallkunde, 1923. 18 , 257;'./. 'hut.'Metals, 1924 (I) 31 
443; CAtfm. 2 l 7 >.s\, 1924, IS, 1972. ^ ' 

Meyer, H., and Kicliholz, W., Her. V, liisenhutt entente, IVerkstoffaus - 
*,r S ,^ laU ?f\ l p 22 > No. 20; Stahl u. Eisen, 1922 (II), 1916. 

W ” iWrt “ /A '’ Iy, 7 (•<), /.V. 253; Sta/d m. £*,*„, i 9i8 

PA 33 , 494* 

Murakami,!'., Sci. Hep. Tdhoku. Imp. Univ., 1918, 7 (I) 217- 1 i ron 
xr & * el Inst " Il > u > (I*). 100 , 445; Stal/l u. Uisen, 1920 (II) 40 , g88 
Norbury, A. L., J. Inst. Metals, 192K (I), 30 145 " 

Oberhoffer, P„ (1) Z. lilektrochem., rgoy, IS O34 
Oberhoffer, 1>„ (2) Stahl u. Uisen, iyi6 (I I), 30, 798. 

Obeihoifer, I*., (3) Stahl it. Uisen, 1920 (I), 40 , 70s and 872. 

Oberhoffer, P., (4) Stahl u. Uisen, 1925 (I), 45, 223. 

Oberhoffer, P., (5) Das Fechnische Uisen, Berlin, 1923. 

Oberhoffer, P„ (6) Stahl u, Uisen, 1926 (I I), 40 , nyi. 

Su er L XO f Cr ' anc * .^ e ^ ur * A *» ( x ) Stahl u, Uisen, 1921 (11), 41 , 1579. 

Oberhoffer, P,, and Heger, A., (2) Stahl it. Uisen, 1923 (I I), 43, 1322. 

Oberhoffer, P. and Knipping, A., (1) Stahl u, Uisen, 1921 (I), 41 , 253. 
Oberhoffer, P., and Knipping, A.. (2) Stahl u. Uisen, 1921 (II), 41 , 1772 
Ru er ?°£ er ' S’’ and Poen «gren, Stahl u. Uisen, 1922 (II), 42 , 1189. 
Oberhoffer, P,, and Toussaint, M., Stahl u. Uisen, 1924 (II), 44 2 330. 
Osmond, I-., (1) Ann. Mines, 1900, p. 27. ; 

Osmond, F., (2) Metallographist, 1900, 3 , 181 and 275. 

Osmond, F,, and Cartaud, G., Metallographist, 1900, 3, 1. 

Palmer, F R. ? Trans. Amer. Soc. Steel Treating, 1927, 7^, 426. 
armiirer, O. K. Trans. Amer. Soc. Steel Treating, 1929, 15 , 796 and 809 

P1 qv f/ N ' z?*' ^ Min, Met. Eng., 1924, 75 , 254; 

Stahl u. Eisen, 1924 (II), 44, 799 and 1756. 

B *' Min ' ^ Met " I924f 6 ’ 31; StaUu ' Eisen, 1924 (I), 

Portevin, A., Rev. Mit., 19x9, 75, 340. 

Primrose, J.S. G., Edgar Alien News, 1926, 5, 890. 

Puisiier, H. B., Structural Metallography, Easton, Pa., 1924, 



lillil. I OCHA PHY 


iGj 


Pulsifer, H. B., and (Jnvnc, < >. V., (‘firm, and. Mr/ 
Rawdon, H. S. f (i) (PS. Hur. Stand. Sri. Papers, ; 


Mr/, Pu/*., 1923, 2 k, 334. 
7920, No. 402. 

Rawdon, H. S., (2) ( firm, and Mr/, hag., 1 92 j , 3 85 ; Stahl it. Eisen, 

igzi (I), 41, 73 7- 

Rawdon, H. S,, and Brrglund, I., U.S. Pur. Stand. Sri. .Papers, 1927, 


iso. y/ * • 

Rawdon, H. S., ami Epstein, S., U.S. Par. Stand. Tech. Papers, 1920, 
No. 156. 

Rawdon, H. S., and Rorrniz, M. <**., (1) U.S. Pur. Stand. Set. .Papers , 
1920, No. 390 . 

Rawdon, H. S., and Lorent/.., M. G., (2) ( firm, and Met. Eng., 1921, 


25 , 955* 

Rawdon, H. S., and Lomdz, M. G., (3) U.S. Par. Stand. Sri. Papers, 
1922, No. 435; Stahl u. Eisen, 1023 (II), Pi, 1177. 

Rawdon, H. S., and Scot t, H., ‘/'runs, rimer. Inst, Min. Met , Eng., 
1922, 07 , 41.4; Stahl it. Eisen, 1923 (I), dll, 1177; ('hem. and Met. 
Eng., 1920, 22 , 787; /no/ .1920, 105 , 300; Stahl u. Eisen, 1920 
(II), 4<9* 1676. 

Rogers, F., (1) Engineering, 1912, //•/, 102; Stahl u. Eisen, 1912 (II), <?£, 

1635* 

Rogers, F., (2) ./. /w« N/<'<7 7w.sC, H)i2 (I), <S’£, 379. 

Rosenhain, W., and Hnu&hton, J. L., J. Iron and Steel Inst., .19x4 (I), 
89 , 515. 

van Roy on, H. J., and Animcnnann, K., Stahl it. Eisen, 1927 (I), 47, 631. 
Rutherford, — Proe. rimer. Sac, 'Pest. Mat., 1924, 24 , (1), 739. 

Saniter, If. H., (r) J. Iran Steel 1 nst., 1897 (I I), 32, r 95 ; Metallographist, 
1898, 2. 27. 

Saniter, E. H., (2) J, Iran Steel Inst., 1898 (I), Oil, 2 c 6 . 

Sauveur, A., and Krivobok, V. N. f Trans, rimer. Inst. Min. Met. Eng., 
1924, 70 , 239; Stahl u, Eisen, 1024 (II), 44 , 798 and 933. 

Schottky, H., Kn/pp. Manatsh., 1924, 5 , 93. 

Sefstroni, N. G., Jernk. .Inn,, r H 2 5, 9 , 133. 

Smith, C. S., J. Inst. Metals, 1 <>27 (II), Ilk, 133; Trans. Amer. Soc, 
Steed'Treating, 1927, 12 , 837, 

Sorby, H. C., J . /«)■« »S7/v7 lust., 18.37 (I), p. 235. 

Stead, J. If., (r) Metallographist , moo, J, 220. 

Stead, J. If., (2) Metallographist, 1900, /J, 2(>i. 

Stead, J. If., (3) ,/. /row Steel Inst., 1900 (II), <5tV, 137. 

Stead, J. If,, (4) y. /row ,S7r<7 7w.s7., nji.s (I), Of, 173. 

Stead, J. If., (5) ./. /row N7<r7 Jnsi., 1918 (I), ,97, 408. 

Stead, J. If., ((>) J. iron Steel Inst., 1921 (I), I OS, 271; Stahl u. Eisen, 

1921 (II), 41 , 1579; Engineering, 1918, /:A7, 422; 7 row Coed Trades 
Rev., 1918, 00 , 338. 

Strauss, B., Stahl it. Eisen, 1914 (II), 114 , 1814. 

Strauss, J., Chem. and Met, Eng., 1923, 2 k, 832. 

Thompson, F. C., and Whitehead, If', Trans. Faraday Soc., 1923, 19 , 
152; Stahl u. Eisen, 1924 (II), 44 , 1128; Met. Ind. ( Lond.), 1923. 
22 , 673. 

Tichy, G,, Stahl n. Eisen , 7923 (II), 45 , 1531. 

Tritton, F. S., and Hanson, I d, j. Iron Steel Inst,, 1924 (II), 110 , 117. 
Velguth, W., Chem. and .Met. Eng., 1921, 25 , 567; Stahl u. Eisen, 1921 
(H), 41 , 1532. 

Vilella, J. R., (1) Iron Age, 192b, 117 , 761. 


12 -(5690) 20 pp. 




168 


HANDBOOK OF ETCH INC 


Vilolla, j. R., (2) Iron Age, 192G, 117, 834. 

Vilolla, j. R. f (3) Iron Age, 1926, 117, <>03. 

Waring, F. M.., and I lol'amann, K. K., /Vor. Atner. Soc. Test. Mat., 1919 
Li) (II), 182; Iron Age, 1 9 io, 104, 13; Stahl 11. Hi sen, 1920 (I), 4(j } 308* 
Iron Trade Her., 1919, 53, 1 (>87 ; Stahl it. Eisen, 1920 (.1), 40, 124. 

Wark, N. J., Metallurgie, 1911, .V, 731. 

Wazau, G., (1) jernk. Ann., 1924, IOS, 34$. 

W a scan, C;., (2) Z. \\d. 1924, 5 «v, 1185. 

Wadding, H., Stahl n. Eisen, 1889 (I), i), 263. 

Westgren, i\., Phragmen, G., and .Nigrcinio, Tr., Jernk. Ann., 1927, in 
513; /. Iron Sled Inst., r<>28, 117, 383. 

Whiteley, J. IL, (1) J. Iron Steel Inst., 1920 (I), 101, 359; Stahl u. 
Eisen, '1920 (II), 10, 1 j 9 <>. 

Whiteley, j. Id, (2) j. Iron Steel Inst., 1921 (I), 103, 277; Stahl u. 
Hisen, 1921. (II), 41, 1579. 

Wiist, I'., (1) Metallurgie, 1909, 0, 791. 

Wiist, F., (2) Metallurgie, i<)o8, 3, 73. 

Yatseviteh, M., Rev. Met., 19x8, 13, 65. 

2, ADDITIONAL RKMCRKNCES 

(a) Papers, Etc,, Dealing with Mictau.ogkapiiic Technique in 
General. 

American Society for Testing Materials, Proceedings, 1:925, 25 (II), 120, 
and 1:926, 23 (I), 565. 

Anonymous, Z. Metallkmule, 1920, 12, 44; Stahl u. Hisen, 1920 (I), 
40, 45 r. 

Anonymous, Met. Ind. (Hand.), 1923, 23, 486 and 510; Stahl u. Eisen, 
1923 (II), 43, 1601. 

Anonymous, Metallurgist (Supplement, to Engineer), 1925, pp. 87 and 
184. 

Campbell, W,, Proc. Am. Soc. Test. Mat., 1915, 5 (II), 96. 

Desch, C, H., 'Metallography, London, 1922. 

Greaves, R. II., and Wrighton, II., Microscopical Metallography, London, 
I 9 2 4 > 

Guertler, W., Z. Metallkmule, 1916, <V, 228 and 249. 

Quillet, L,, Contribution a V Etude des A Hi ages, Paris, 1901. 

Quillet, L., Genie civil, 1920, 77, pp. 172, 185, 214, 232, 255, 268, 291, 
3 1 3 • 

Gail let, L., Rev. MH. t 1922, If), 614; /. Iron Steel Inst., 1922 (II), 106, 
386. 

Quillet, L., Les MModes de VEtude des A lliages Metalliques, Paris, 1923. 

Howe, H. M,, Metallography of Steel and Cast Iron, New York, 1916. 

Hudson, O, F., J. Inst. Metals, 1915 (I), 13, 193. 

Hiitte, Taschenbuch der Staff humic, Berlin, 1926, p. 14 x. 

Hiitte, Taschenbuch fur Eisenhiittenleute, Berlin, 1922, p. 21. 

Krohnke, O., Gefugebau der Eisen-Kohlenstaff-Hegicrungen, Berlin, 19x1. 

Le Chatelier, H., L’Etude des Alliages, Paris, 1901. 

Preuss, E., Prufung des Eisens, Berlin, 1927. 

Proctor, C. H., Trans. Arner. Soc. Steel Treating, 1924, 5, 527. 

Pulsifer, H. B., Chern. and Met. Eng., 1923, 29, 838 ; Stahl u. Eisen, 
1923 (II), 43, 1601. 

Rawdon, H. S., U.S. Bur. Stand. Circ., 19-22, No. 113. 



i6g 


BIBIJOGRA PHY 


Rcjto, A., Technologic- dev Metallic Berlin, 
Robin, F., Metallographie , Paris, 192S. 
Robin, F., and Gartner, I*., Rev. Met., .191.1 
8 , 744 * 

Wilson, A. B., Blast-Pur. and Steel Plant, 
hist:, 1919 ( lI ), P) 0 , 528. 


1927. 

, &, 224; Metallnrgie, 1911^ 
T<JT 9 » 7 > 380; J. Iron Steel 


1917, p. 204. 


lb ) Papers Dealing with Macro-ktching. 

Ast, W., Tnternat. Congr. Test . A/VjA, Brussels, 1906. 

Ast, W., Metallnrgie, 1907, 4 , 1:23. 

Bauer, O., Mitt. K. M atcrialpriif, Berlin-Uchterfelde 
Bergluncl, T., Jevnh. Ann., 1923, 107 , 149. 

Byers, A. M„ /nw Tw* /*■»•., iorfi, , 5 . 0 , ro.52; Stahl u. Eisen roi, m 
57, 2T2. ^ ^ { 

Charpy, G., and Bonnerot, S., Rev. Met., 1918, 15 , n 2 , 

Claup, IB, Rev. Met., joio, 7 *, 605. 

Comstock, G. IB, />'<>?/. Trade Rev., uji(>, 59 , 941. 

Comstock, G. F., Client. and Met. ling., 1920, 23 . io8r; Stahl u. Eisen 
1921 (II), 41 , 1838. ' 

Descolas, J., and Pretet, IB, A/rA, 1:923, 20, 597. 

Fry, A., Stahl u. Risen, 1920 (I), 40 , 622. 

Fry, A,, StaA/ Risen, T923 (I I), 43, 1029. 

Gilligan, F. P iiml Ciinun, J. J Soc. Sterf Treating 1026 

10 , 10; ShWd «. Risen, 192b (II), 40 , 1200. S> y ' 

Hamcckor, K., and Rassow, IB, Stahl n. Risen, 1918 (II) 38 1079 
Heinrich, F., and Vt>i K (, W.. X. anorg. Chew., 1926, 1 54'209; Stahl u 
Eisen, 1926 (II), 46 ’, 10O3. 

Jones, J., Chan, and Met. 'ling., 1915, 22 , 124; Stahl u. Eisen 1017 (I) 
37 , 503; Proc Autry Sor Test. Mat., 1915, 7,5 (II), 89. ’ " 

Kruft, L., Stahl u. Risen, 1909 (I), 29 , 517/ 

Portevin, A., Genie civil., 1925, 85 , 860 {Stahl u. Eisen, 1925 (I) 45 860 
Portevin, A,, and Bernhard, V., Rev. Met., 19x8, 15 273. * ' 

Pot, J., Rev. Met,, 1923, 20 , 770. 

Rawdon, H. S,, Iron Age, 1920, 706 \ 965; Stahl u. Eisen, 1921 (IB 41 
1858. v '' * 

Rosenhain, W., Internal. Congr. Test. Mat., Fifth Congress, 1909, I 4 . 
Schultz, K., Ber. I \ Risenhilttenleute, I Verbs toffausschuss, 1920, No. 2; 

Stahl u. Risen, 1922 (II), 42 , 19x6. 

Schultz, It., Ber. I . hiscnhuttcnleute, I Vcvkstoffausschuss , 1921, No, 7; 

Stahl u. Risen , 1922 (II), 42 , 1917. " ’ ' ' 7 

Thompson, IB (B, AA*A /W. (AowA), 1924, 24 , 229; Sta/d u. Eisen, 
1924 (I), ■/•/, 38 r and 539. 

Wrazej, W., /C Oberschl. Berg. UiUtenm., iq-zj, 06 (V), 429. 


(c) Macro-etching of Cold Worked Steel. 

Bauerfeld, h., and I hiring, M., Mitt, Bortinunder Union, 1922, 1 , 71; 

Stahl u. Risen, 1923 (I), 43 , 735. 

Fell, E. W., Carnegie Schot. Mem. Iron Steel Inst., 1927, 16 , iot 
Fry, A., Stahl n. Risen, 1921 (II), 41 , 1093. 

Portevin, A„ /. Inst. Metals, 1926 (I), J r 5 , 363; SteA/ u. Eisen, 1926 
(II), rfff, 1343. 

v. Schwartz, M., and Bergman, W., Z . Bayer Rev. Ver., 1924, 191; 

Stahl u. Risen , 1924 (II), 44, 1805, 




HANDBOOK OF ETCHING 


170 

Strauss, IF, and Fry, A., Stahl u . Eisen , 1921 (II), •//, 1133. 

Turner, II., and j evens, I)., J. Iron Steel hist., 1925 (i), ju f I70 . 
Engineering, 1025, / PP 588. 

( 7 ) Etching at High: Tkmpkratuuks. 

Carpenter, H. C. IF, and Flam, C. F., J. /><>// . 87 # W 1922 (I), 105, 

83. 

Hamariami, II., hit. Zells. Metallograplue, 1912, 1 $, 176. 

Oberhol'fer, P., Metallnrgie, 1909, 6*, 542. 

Rosenllain, W., and Humfrey, J. C. W., Pros. Roy. Soc. (A), 1909, 
S 3 , 200. 

Simerwald, F., Schulize, W. f and Jackwirlh, CP, 7 f. anorg. Ghent., 1924, 
140 , 384; Stahl u. Eisen, 1924 (II), 44 , 1803. 

Tschisehewsky, N., a.nd Schulgin, N., ./. /no; .S 7 e <7 /;/.s 7 ., 1917 (I), <9^ 
189; Stahl u. Eisen , 1917 (II). < 37 , 1033. 

(#>) Copper and Copper Alloys. 

Bamford, T. CP, J. /n.s 7 . Metals , 1925 0 ), *P‘F 16 7. 

CUarpy, CP, Bull. Soc. tVEneour ., 1890, . 95 , 200. 

Comstock, CP F., Trans. Amrr. hist. A//w. A/e‘/. 1919, 6*0, 386. 

Primrose, J. S. CP, Af# 7 . /;##/. {Land.), 1926, 23 , 5<>y and 592. 

Pulsifer, It. IP, Trans. Amur. Inst. Alin . A/W. /r;z#., 1926, 73 , 707. 
Rawdon, It. S., and Lorentz, M. CP, Chew, and Met. Eng., 1921, 25 , 955. 
Stockdale, IX, /. hist. Metals, 1925 (H), -?•/, n r. 

(/) Aluminium and Aluminium Alloys. 

Bingham, K. IP, and Haughton, J . I-.,./. Inst. Metals , 1923 (I), 29 , 71. 
Daniels, S. IX, Indust, and Eng. Them., 1924, ,/0, 1243 and 1926, IS, 393. 
Dorn, IP, and Spiegel, ML, Z . MeUdlkunde, 1923, 17 , 133 ; J. Inst. Metals, 
1026 (I), 35 , 602; C;/a?w. Ahs., 1927, 2i, 303b. 

Gaylcr, M. U V., j. Inst. Metals , 1923 0 )> 5 « 7 * 

Guillot, L., Rev. Met., 1924, 2/, 12. 

Haenixi, P., Rev. MR., .1926, 23 , 342. 

Hanson, D., and Gayler, M. JL. V., ,/. /;as 7 . Metals, 1925 (II), 34 , 125. 
Meriea, P. IX, Cham, and Met. Eng., 392S, 19 , 135. 

Morica, P. D., Waltcnberg, R. CP, and Freeman, J. R., U.S. Bur. 
Stand. Sci. Papers, 1919, No. 337. 

Rohrig, H., and Borchert, W., Z, Metallkunde, 1924, 16 , 29; Stahl u. 
Eisen, 1924 (I), 44 , 267. 

Stockdale, D., /. Inst . Metals, 1924 (I), 31 , 275. 

Vilella, J. R., Met . hid. {Land.), uyz(>, 23 , 389. 

(g) Papers on Various Subjects, 

Alloy Steels 

Fettweis, F., Stahl u. Eisen, 1912 (II), 32 , 1866. 

Cadmium 

Cook, M., J. Inst. Metals, 1923 (I), 29 , 119. 

Carbide Etching 

Anonymous. Metallurgist (Supplement to Engineer), 1925, pp. 87 and 
184. 




nut ! !( H t n . 1 / 7 / \ 


Honda, K., ami Murakami, I, Am A'* p IChxku imp t'uie., miN (I), 
0,225; M'/ r . d/Ak, t't.'M, ft, i/; * in m. tutJ \ht l-ug,, 1 * 1.! 1, ;j/, 
Honda,' K., and Murakami, I , A* / M/» / Imku Imp. I 'me., 0,20 ( 1 ), 

<j t 145; ,/. Am/ Steel in t., I'i.m Hi, /w/. »* | y ; (htni, anil Met. Hug., 

igzi, 24. , . , 

Murakami, T., him! So!ii«‘\ii, K , Am, /A /'. Inhabit Imp. I'nir,, i-i.i; (I), 

16 , 245; nuntg. ( hem , io.'m, /a *, n / ; Sin hi u, /'/sen, t*uy (l), 
47 , 15O. 

t 'liVM M Hoi FJ I ’ J ♦ Hl.Mi 

Portevin, A., AV/ 1 . d/rV .. 1*12 *, ’A/, w*i ; AA//// /o hint a, 1924 ( 11 ), y,"j, 9*89. 

( 'm »■, 1 \i t Mmi m.m 1 M,\ 

Tamilian, (#., ami .\I i i 11 * * j , A , /. . 1 /» ialthinnle, 1920, A sy 69; Stahl it. 
Risen, 192.0 ( 1 ), /6. ;»*2. 

ki 1 .* i ioii v 1 n 1*; iuiim; 

Sirks, A. H., Hm. AT A hint. Hi/ InnAo/m//, mo.!; Metallurgist, 
X903, tf, 2<>.|. 

I*A nn* * T» \n;si i n 
Bolder, R., Metullmgie, mhA a, ,!ui, 

Ikon Nit km A mown 

Griffiths, W. 'I'., I'llt t tt it iuft, t od», /G\ oi j ; Ceisnerei Xeit, 1927 24 , 50. 
llfo.N I *111 »s 1 *111111-; 

Gutowsky, N., M etiillurgie, iouS ( /*, 4O4, 

Wiist, F., and Slot/, H, f herrum, 1014 15, /«, *89. 

NU KM. 

Rose, T. Kk, a,ml Watson, J, II., /. Inst, Metals, 1924 ( 11 ), 32, 271. 

Omit'M. Ihioimum s oi- iMkiam-K 1 Surfaces 
Schlutz, K., and Hammtatm, II,, X. Phvsih, 1024, 22, 22 and 27, 

< >U I-NCHFU S l'KKl. 

Hanemann, II., Stahl a, h.isen, loll (II), 31, 1106. 

Reflection 01* Hour i-kom Ktoiiko Mktai* Surfaces 
(" l Mnlo/if r im Reflexion **) 

Czochral.ski, J., tut, Xeits, Metallographic, 1014, 0, 289. 

Si.At; Inclusions 

Goodale, S. L., and Kular, Ik II., /'urging, Stamping, Heat Treat,, 192 6, 

12, 68; Stahl a. hlisen, 192U (I), 43, 5A2* 

Rohl, G., Carnegie SehuL Mem, iron Steel Inst., 1912, 4, 28. 

Sm.VKNTS for Etching Ekagbnts 
Lejaune, Ik, Rev, Met,, kjoU, 3 , 426. 



HANDBOOK OF ETCHING 


173 


Stellite 

Oertcl, W., and Fakulla, E., Stahl, u. Risen , 1924 (II), 44, 1717. 

Temper Colours (Formed in Various Gases) 

Tam man. G., and Koster, W., Z. anorg. Chem 1922, 12,3 106* X cm 
I 2 <S\ 180; 1924, 135 , 1 27. ' ' ^ 

Tin Pi.ate 

Mayor, L., Stahl 11. Risen, 1928 (II), 3 $, 960. 

Tungsten 

'Jeffries, /., Trans. Amer. hast. Min . AFV. 1919, 6'0, 1917* 1916 

J6\ 386. 

TUNGSTEN CaRBI 1 >E MATIiRIALS 
Sell rotor, K., /C Metallknnde , 1928, 20, 31. 



INDEX 


Acetic acid, .157 

Acids (see also under respective 
names)— 

etching action of, 13 
macro-etching with, 39, 4 T 
Acid open-hearth steel, macro-struc¬ 
ture of:, 4 3 
Adcock, F,, 161 

Agitation of etching reagent, effect 
of, 22 
Alcohol— 

for polishing, 113 
storing specimen** in, 11 
Alcoholic sol: 1 lions, etching action 
of, J 3 

Alkaline hydroxides. See under 
Sodium :.r.d Potassium hy¬ 
droxides 

-- solutions, etching action of, 

14 

Allison, F. G., 53 

Alloy steels (see also under respective 
names)—- 

constructional, 100 
etching, with cupric reagents, 51, 
59, 62 

macro-etching, 42 
macro-structure, 46 
reference (additional), T70 
Alternate etching and polishing, 58, 
80, 103, 129 
Alumina— 

in steel, 38, 124, 127 
polishing with, 9 

Aluminides, identification of, 147, 
*55 

Aluminium— 

action of akaline reagents on, 14 
and aluminium alloys, 144, 170 
carbides in, 144 
copper in, .147, 156 
grain-boundary etching, 146 
iron in, 153 
m.-.oro i-telrirur. ?.|4 
. udoro-vUMin^. :■5 
oxide, det ‘ A i v-1 ; a a 
phosphides in, 144 
preparation of specimens, 144 
structural constituents, 147, 1 55 
sulphides in, 144 
Aluminium-bronze, 139 

grain-boundary etching, 140 
iron in, 140 
Amberg, K., 107 


American Society— 

for Steel Treating, 3, 54, 55, 95 , 9 s , 
102, 103, 104, 106, 10S, 131, 136, 
141, 146, 148, 157, 158, .159, 
160, 161 

for Testing Materials, 3, 27, 40, 42, 
72, 89, 156, 159 
Ammermann, E., 67, 68 
Ammonia, 130, 131, 132 

etching action of, on copper. 14 
Ammonium persulphate, 116, 132, 
141, 158 

etching action of, 14 
etching of iron with, 86 
macro-etching with, 47 
Anderson, R. J., 148, 149 
Anti-friction alloys, 156 
Antimony, 156 
Antimony-lead alloys, 157 
Aqua regia , 102, 142 
Aqueous solutions, etching action of, 
13 

Archbutt, S. L., 149 
Archer, R. S., 10, 98, 101 
Ast, W., 38 

Atmospheric etching of zinc, 160 
Austenite— 

in carbon steels, 97, 99, *°° 
in chromium steels, 101 
in manganese steels, 106 
in nickel-chrome steels, 101 
in nickel steels, 106 

Babbitt metal— 
etching of, 157 
mounting in, 7 . 

Ball-bearing steel, 101 
Baraduc-Muller, L., 114 
Baucke, 156, 157 
Bauer, O., 65, 69, 136 
Baumann, R., 68, 69 

-prints, 41, 68-75 

Bearing metals, 156 
Beckinsale, S., 157, 158 
Behrens, IT., 2, 31 
Belaieff, S. S., 106 
Belynski, S., 52 
Benedicks, C., 32, 99 , *06, 128 
Berglund, T., 20, 35, 86 
Bingham, K. E., 159, * 6 ° 

Bismuth, 156 
Blowholes, 45 
Bogitch, 56 

Bolton, J. W., 10, 115, n6, 119, 139 


*73 







WATSON’S 

«T 

metal specinw- manipulate- . 

feature and ate cat.?t«> b p rec,se 

optical “lie bv the most 

calculation ^ ful WO rkmen. 

SEND tor tists 

VUTt 4 ’ MCtaHUrto> ' 

W WATSON & SONS,Ltd. 

' Maters Of Microscopes 

, « 0 iboin, London, W' 1 ' 
313 High Hoioori rsmw13HSB ,« 

WORKS AT BARNET 





INDEX 


*75 


Bonnerot, S., fib 
Botts, H. W , » - 1 
Bowman, L. ■!->•. i o 7 
Boylston, 9°» 97 
Brass, 133* 1 34* r 33> Ub 

zinc-rich, 13S . . ... 

Bromide paper tor sulphur prints, b,S, 


Bromine, 132 , 158 
etching action, 15 
Bronze, 133 * r 34* 1 35 
Bronze, aluminium, 130 
Bureau of Standards, 3 , 37* *17* 5 1 * 
78, tio, 130 , M 1 * T 4~» «47* I *t s 


Cadmium, 17 ° 

Campbell, W., *2, 1 U>, 12 8, i.*7* M3* 

Canfield, U. H,, 

Canfield’s reagent, bo, <><> 

Carbide etching (see also (enuin- 

definition, 79 
in ball-bearing steel, 101 
in chromium steel, 105 
in constructional steel, 101 
in high-speed steel, 1 o.S 
in manganese steel, 107 
in silicon steel, 144* 
in tungsten steel, 10S 
in vanadium steel, ,1 1 2 
reference.- 'addition:: 170 

Carbides, i-h-nrim-aiu of, 1 1 t 
Carbon steel— 

etching of, 50, 70, -87, 93 
macro-etching, 30 
Cast iron, 5 r, 115 
heat-tinting, rib 
relief-polishing, 11b 
Cathodic disintegration, etching by, 
35 

Caustic**— 

potash. See Potassium hydroxide 
soda. See Sodium hydroxide 
Cementitc (see also Carbide etching 

and Carbides). 

at grain boundaries, 83 
effect of particle size, 79 
electrolytic etching, 95, m 
etching, 92, 100, 1:09 
heat-tinting, 29, 95 
in hardened steel, 100 
in hypereuteetoid steels, 91 
in soft iron, 83 
spheroidized, 90 
Charpy, G.„ 5 b 

Chemical and Metallurgical Kngin- 
eering, 160 

Chemistry of etching, 13 
"Chinese script,” 154 

I2A- (5690) 


Chlorine, 15 

Chou hint, H., 145, 147, 149 
Chromic acid, 13, 129 
and nitric acid, 159 
and sodium sulphate, 159 
Chromium— 

carbide, r05, 109, m, 112 
irons, 103 
steel, 103 

- ..carbides in, 105 

.electrolytic etching, 105 

—, macro-etching, 52 

., macro-structure, 43 

.., sulphur prints, 74 ' 

Clamping for grinding, 7 
Cleaning-— 

macro-sections, 38 
micro-sections, 3 o 
Cold-work, effect of, 20, 79, So, S5 
Cold-working (see also Strain lines), 
51, 6r, 169 

Oolver-Glauert, H., 99, 123 
Composition, effect of, on macro¬ 
structure, 43 

Comstock, G. F., 56, 120, 122, 12S 
Comstock’s reagent, 56, 66 
Constructional steels, 100 
Copper, 13, x29-133, 170 
alloys, 133, 170' 

——— macro-etching. 134 

- , f filicides in, 138 

Copper-aluminium alloys, 139 
Copper-aluminium-zinc, 160 
Copper-ammonium chloride— 
acid, 52 
alkaline. 133 
neutral, 50, 86 
Copper-nickel alloys, 143 
Copper oxide, 129, 130, 132 
Copper-silver alloys, 35 
Copper sulphate, 52 
Copper-tin alloys, 133 
Copper-zinc alloys, 35, 133 
zinc-rich, 138 
Corson, M. G., 1x3, 138 
Cracks, 43 * 45 . 77 
Cracking of steel in acids, 45 
Crucible steel, macro-structure, 43 
Crystal— 

figure etching, 17, 171 
orientation, 17, 171 
Cupric chloride— 

electrolytic etching with, 57 
macro-etching with, 49 
reagent, 50, 52-60, 64, 66 
Cupro-nickel, 143 
Curran, J. J., 102, 105, 139 
Cutting tools, use of, 8 
Czochralski, J., 3, 17, 48, 1x9, 130, 
144, * 49 * 157 





A MAGNET Electric Furnace installed at the 
Dolgarrog Works of the Aluminium Corporation Ltd. 
Capacity: 150 kw. Hearth area: 24' 7' 5" 


THE G.E.C. MANUFACTURES ELECTRIC FURNACES 
FOR EVERY HEAT TREATMENT OPERATION AND THE 
MELTING OF NON-FERROUS METALS AND ALLOYS 

MADE IN ENGLAND 

THE GENERAL ELECTRIC CO. LTD. 

Head, Office - - MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 

Branches throughout Great Britain and in nil the principal markets of the world 












INDEX 


177 


Daernis, 91, it6 
Daeves, K., 94 . 1 ° 5 > :to 9 
Defects— 
rolling, 37 

significance of, 43, 45 
Deformation lines. Sec Strain lines 
Dendrites, 18, 50, 52 

and grain-boundaries, 58 
Dendritic structure- 
etching of, 18, 50, 56, 58 
in steel castings, 53 
significance of, 46 
Dental cement, mounting in, 7 
Dickenson's reagent, 54, 66 
Dipping, etching by, 24 
Dishes, etching, 22 
"Disloziexte reflexion," 17x 
Dix, E. H., 145, 147, 148, 149, 151, 
152 

Dobbelstein, W., 31, 119 
Drop-by-drop etching, 24 
Drying specimens, methods of, 11 
Durand, J., 74 

Eichholz, W., 62, 63 
Electric steel, macro-structure, 43 
Electrolytic etching, 26 
carbides, 111 
cementite, 95 
chromium carbide, 105 
chromium steel, 105 
copper, 133 

copper-aluminium-zinc alloys, 160 
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Haufc, 5*. 55 . 57 * 5 8 > 59 , <>o 
Haughton, J, H., 54 
Hayes, H. 11 ., 150. * ( >o 
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Heat-tinting, 1, 2, 28 3 ~* T 7 2 
cast-iron, 1 ri> 
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Heat-treated steel, 95 - 8>ec 

Hardened steel and Tempered steel 
Heat-treatment and macro-structure, 
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Hydrofluoric acid, 114, 122, 145. 152 
and nitric acid, 146, 153 

Immersion, etching by, 23 
Inclusions, non-metallic, 40, 118-128 
Ingot iron, malleable, 43 
Ingots— 

macro etching, 40, 53 
sulphur prints, 70 

Inhibitor, use of, in macro-etching. 42 
International Nickel Co., 141 
Interpretation of macro-structure, 42 
Invar, 106 

Iodine, 47, 86, 91, 160 
etching action, 15 
Iron— 

cast, 115-118 
cementite in, 83 
electroplating sections of, 15 
etching reaction with cupric chlo¬ 
ride, 15 

in aluminium, 147-155 
in aluminium bronze, 140 
“latent'’ scratches in, 20, 79 
macro-etching, 51 
micro-etching, 79~ 8 7 
preparation of specimens, 79 
stainless, 101 
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electrolytic, niching, 138 
etching Of, 150 
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polishing of, 150 
in brass and bronze, 138 
Lead-tin alloys, 156 

electrolytic etching, 158 
.Le Chatelier, H., 2 56, 57, 92, <>3 
Le Chatelier's reagent, 57, 66 
Leitner, F\, 3<), 50 
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Light alloys. See Aluminium 
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Lucas, F. F\, 8, 10, 145 
Liiders lines, 61 
Lundgren, A., 83 

Machining marks, removal of, 40 
Macro-etching, 24, 36-78, 169 
aluminium alloys, 144 
copper alloys, 134 
ingot sections, 40 
nickel steel 41, 52 
use of inhibitor, 42 
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with ammonium persulphate 4^ 
with copper chloride reagents 40 
with copper sulphate, y> * 
wit'll hydrochloric acid', 41 
with nitric acid, 39 
Mac 1 ro-phot<>graph y, 48 
Macro-prints, Huinl'rcy’s, 32 
Macro-sections 
cleaning, 38 
preparation, 8, 30 
Macro-structure, 42 45 48, =52 
Magnesia, 10 

Magnetic method for investigating 
cracks, 78 
Muhin, K. CL, 1 2 l 
M all (‘able ingot iron, 43 
Manganese- - 

bronze in welds, 137 
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steel, uni 
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sulphide, 6577, 100, 120-127 
Marble, 104 
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Martensite, 05 roo 

grain -boundary etching, 98 
Matweiett, M., 118, 123 
MeOancc, A., 121 

Meehanieal work (see also Strain 
lines) ■ 

effect on macro-structure, 44 
Medium carbon steel, macro-etching, 
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Mercia, , 1 b 1 >., 141 

Metallic surfaces, optical properties 
of, 171 

Metallography, additional references, 
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Metanitrobenzol sulphonic acid, 91, 
99 > u(> 

Metallteehniseher Kalendar, 157, 158, 
i Or 

Moyer, A., 150, 151, 156 
, II., <>2, 03 

. and Kie.hholz’ reagent, 62, 06 

Micro-section. See Specimen 
Microtome, 8, 15O 
Mild steel 

macro-etching, 51 
micro-etching, 79 
preparation of specimens, 79 
Miller, S. W., 137, 161 
Monel metal, 143 
Murakami, T., 93, 105, 1 12 
Murakami’s reagent, 93, 105, 108 

Negrkkco, Tr., 4, an 
Nickel, 140, 171 
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Uickel-clirom iu nn 

alloys, 143 . . 0 

electrolytic etching, -«■ 

« X o c 

1 __ macro-etching, y>, 43 

. macro-structure, 43 . 4 <J 

Nickel-copper alloys, 1 43 
Nickel-iron alloys, 100 
Nickel—• 
silver, 143 
steel, 106 

__ } macro-etching, 4 1 » 3 ~ 

__' sulphur prints, 74 

Nitric acid, 97. It( >. 1 'l 1 ’ I4 °’ 15 ’ 

iGO . 

and acetic acid, 14 1 
and nitranihne, 98 
and nitrobenzol, too 
and nitrophenol, 98 
and picric acid, 99 
early use of, 2 

etching action, 13, 4 * . 

_iron with, 03 

__._ steel with, 89 

:r. aero-etching with, 3<), 4° 

■ • \■„rie aei <\ i\i\ cnch, ” 14<) 
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etching, 17 __o 
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Oxides in iron and steel, 122, 123, 1- 

-, identification of, 124 . 

Oxidizing agents, use of, in etching, 

Oxygen in steel, effect of, on etching, 
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PAGEES, G., 102 
Palmer, V. K., 80 . 

Palmer ton reagent for zinc, 159 
Parmiter, O. K., 102 
Pearlite— 

etching of, 21, 88, 89 
heat-tinting, 29-31, J 1 7 
in cast-iron, 115 
in tungsten steel, 109 
in wrought iron, 82 
photomicrography, 90 
Pearlitic steel — 
etching of, 87-95 
phosphorus in, 54 

photomicrography of, 90 


Phosphide of iron— 
heat-tinting, 29, 117 
in cast-iron, x 15 - 

Phosphides, identification of, 11S, 
124, 126 

Phosphoric acid, xi6 
Phosphorus— 

distribution of, in steel, 39, 5 °-hi> 

67, 68 
in iron, 120 
prints, Canfield's, 60 
segregation of, 59, 60 
Photography of macro-structure, 48 
Photomicrography of pearlite, 9c 
Phragmen, G., 4, 101, 1x3 
Pickling inhibitor, use of, in macro¬ 
etching, 42 

Picrate. See Sodium picrate 
Picric acid, 82, 88, 98,115, I 5 I > * 5 ° 
and hydrochloric acid, 142 
and nitric acid, 99 
macro-etching with, 39 
Pilling, N. B., 100, iox, 107, 113. xl 4 

Pipe, 43, 45 . ~ 

Pitting in ferrite, avoidance of, 80 
Poensgren, 118 
Polish attack, 2, 25, 131 
Polishing, 9 r __ r , 

after heat-tinting, 3 B IT 9 L *-9 

ar.d etching, alternate, 58, 80, 103, 
nnv.-.r.dr.g specimen for, 6 
of aluminium, 144 
of copper, 131 
of iron, 79 
of lead, 156 
of zinc, 159 
Porosity, 46 
Portevin, A., 76 
Potassium— 

antimonyl tartrate, 121 
bitartrate, 92 
copper cyanide, 94 
ferricyanide, 93, 112, 120 
ferroevanide, 106 
hydroxide, 38 
permanganate, 94 
Preparation of specimens, 6 
of aluminium, 144 
of iron for macro-etching, 3 D 
of iron for micro-etching, 79 
Primary etching, 18, 50 
Primrose, J. S. G-, 73 
Pulsifer, Id. B., 8, 98, 101 > 5 - 

Quality of steel, effect of, on macro- 
~ structure, 43 
Quenched steel, 95 

reference (additional), 171 
See also Hardened steel and Tem 
pered steel 
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Rails.~ 

m aero-etching, 42 
transverse fissure's in, 56 
Rawdon, II. S., 3, 35, 3*), 48, 40, 86, 
120, 133, > 34 * ‘ 35 * 13K H 1 
Reagent.- 

effect of agitation of, 22 
effect of temperature of, 20 22, 
84 

Reagents, etching (see under respec¬ 
tive names) 

Reinha.nlt, 47 
Reiser, 28 

Relief polishing, 2, 12, 26, 1 16 
cle Reyna., 01, 1 16 
R in man, S., j 
Rock, M. N., 53 
Rogers, F., 75 
Rosen hain, W., 1 (>, 53, 54 
van, Kayen, H. J., O7, OH 
Rutherford, 157 

Salts, fused, etching with, 34 

Sampling, 6. See also Specimen 

Saniter, K. II ., 34 

Sauveur, A., 42, 107 

Schottky, H., 73 

Scott, H., 35 

Scratches— 

elimination of, Hi 
"latent,” 20, 70 
Seams, 43, 45 
Sefstrom, N. G., r 
Segregates, 40, 52 
macro-etching, 39 
phosphorus, 59, 60 
significance of, 43, 45 
Sequence etching, no 
Shellac, mounting in, 7 
Silicates, 122, 123, 126, 128 

-.identification of, 124 

Silicides in copper alloys, 138 
Silico-ferritc, 100, ri6 
Silicon— 

distribution of, in steel, 47, 59 
in copper alloys, 138 
Silicon-iron alloys, 113 
Silicon steel, 113 
Silver, 161 
alloys, 161 
nitrate, 132, 158 
polishing of, 161 

Slag inclusions, 45, 123-128, 171 
in cold-rolled material, 128 
in unetched surface, 37 
Smith, C. S., 35 
Smitt, 161 
Sodium— 
benzoate, 93 

hydroxide, 146, 150, 158, 160 


Sodium (contcl,) .- 

hydroxide, cleaning macro-sections 
with, 38 

picrato, alkaline, 92, 115 

-.—, neutral, 99, 118 

plumbate, 93 

Soft iron, "latent” scratches in, 20 

- metals, use of microtome with 

8, 15b 

..- spots in hard steel, 41 

Solutions — 

alcoholic, etching action of, 13 
aqueous, etching action of, 13 
Sorbite, 96 98 
Sorbo-troostite, 98 
Sorby, IRC., i 

Special steels, 100 115. See under 
generic names 
Specimen-— 

cutting and grinding, 6-9 
polishing, 9-1 r. See also Polishing 
Specimens for macro etching,prepara¬ 
tion of, 36—38 

., holders for, 23 

Spheroidized cementite, 90, 93, 94 
Stainless iron, roi 

-- steel, iot 

Stannous chloride, 157 
Stead, J . K., 2, 31, 39, 92, 119 
Steadite, 115, 1 16 
Stea,cl’s reagents, 55-37 
Steel — 

acid O, H, macro-structure of, 43 
castings, 53 

crucible, macro-structure of, 43 
distribution of silicon in, 47 
effect of composition on macro- 
structure, 43 

effect of quality on macro-structure, 
43 

electric, macro-structure of, 43 
hardened, macro-structure of, 44 

-, cracking of, in acids, 45 

macrography of, 30-78 
Steels (see also under separate 
names).- 

carbides in. See Carbide etching 
constructional, 100 
heat-resisting, xoi 
heat-treated, 95 -1:00 
low alloy, 100 
low carbon, 79 
normal, 87 
special, 100-115 
stainless, 101 
Stallite, T72 
Strain lines, 61—65 
Strauss, B., 61, 120 

—. j-, 139 

Structure etching, 79 
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also 4< Sulphur print- 
Baumami prints”) - 
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77 

Ha n maim 


Sulphides ( s ^ 
ing” and 

identification or. 1120. ' 
selective attack ol, 40 

•to*..*. . .. 

■’aa-ro-modiods .nr:: mi. 

mounting in. 7 « 

Sulphurprinting (st*c also 
prints”). 

Hevn’s method, <>3 

Royen and Amnu.rn.unn s mellioi 

Sulphuric acid, :uo, 1 1 1 » 1 n' 
etching reaction, i * 
macro-etching with, 

Sulphurous acid, on 
Surface films, etching 
120-122 
Swabbing, 25 


4 " 

under, 32 34 


Temperature, cited: of - 
on etching, 20, 22, « 4 . *7 

on macro-etc.nmg, 44 
Temper colours, 28, 117, * 7 - 

Tempered steel. 

etching of, 95 

macro-structure, 45 

Tetmajor, 47 

Thompson, F. C.., 03. <M> mo 
Time, effect of 
on etching, 20 > 
on macro-etching, 44 
Timofeef, i 5 ( >, i ( >o 


etching of, 14* 1 5 () 

polishing of, 1 5 <> 

Tin-plate, .172 
Tischy; 0., 74, 

Titanium nitride, 120 ^ 

Tools, cutting, use ol, h 
Transformer steel, 114 
Transverse fissures in rails, 5 <> 
Tritton, P-, 5 <> 

Troostito, 00 100 
Troosto-sorbitc, of>, <> 7 * 
Tungsten, 172 
carbide, m8, m, 172 


rungsten (contd .)— 
steel, 107 

- macro-structure, 43 

- “sequence etching,” no 

fungstkle etching, 108 

Vacuum, etching in, 34 
tube, etching in, 35 
Vanadium carbide, 109, in, 112 
-• steel, M 2 

.., macro-structure of, 43 

Velguth, W., 28, 105, 142 
Vilella, j. It., 102, 108, 129, 137, 138, 
142, 143, J4&, 148, 153 

Wau.dow, K\ 3 2 
Waring, F. M., 42 

Wark, N. J„ 35 

Wash etching, 24 
Waterhouse, H., 157, 158 
Wazau, N. J., 64 
Wazau’s reagent, 64, 66 
Wedding, H„ 2 
Welds, 49, 137 
Werkstoffhandbuch, 3, 120 
Westgren, A. F., 4, 101 
Whitehead, E., 93, 94 » I0 9 
Whiteley, J. TL, 53 , 121, 123 
Whitelcy's reagent, 53, 66 
Widmanstatten, x 
Wood's metal, mounting in, 7 
Wrought iron, 79 
macro-etching, 49 
macro-structure, 43 
Wusi, F., 119, 156, 157 

X-constituent in aluminium alloys, 
14.8, d 9 , 15-, *54 

Yatskvitch, M., X09 
Yatsevitch' reagent, 109, no 


Zinc, 159 

action of alkaline reagents on, 14 
alloys, 159 
polishing of, 159 
Zirconium nitride, 120 
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Cotton World, The. Compiled and Edited by J. A. Todd, 

M.A., BX. 

Dress, Blouse, and Costume Cloths. Design and Fabric 
Manufacture. By Roberts Beaumont, M.Sc., M.I.Mech.E., 

and Walter G. Hill. 

Flax and Jute, Spinning, Weaving, and Finishing of. By 

X. Woodhouse, F.T.I. 

Flax Culture and Preparation. By F. Bradbury. Second 
Edition ......... 

Fur. By Max Bachrach, B.C.S. ..... 

Furs and Furriery. By Cyril J. Rosenberg 
Hosiery Manufacture. By W. Davis, M.A. 

Men’s Clothing, Organization, Management, and Tech¬ 
nology in the Manufacture of. By M. E. Popkin. 
Pattern Construction, The Science oil For Garment 
Makers. By B. W. Poole ...... 

Textile Calculations. Bv J. H. Whitwam, B.Sc. (Load.) 
Textile Educator, Pitman's. Edited by L. J. Mills, Fellow of 
the Textile Institute. In three volumes .... 

Textiles, Introduction to. By A. E. Lewis, A.M.C.T. 
Towels and Towelling, the Design and Manufacture of. 

By X. Woodhouse, F.T.I., and A. Brand, A.TX. 

Union Textile Fabrication. By Roberts Beaumont, M.Sc., 

M.I.Mech.E. 

Weaving and Manufacturing, Handbook of. By H. 

Greenwood, A.TX. . 

Woollen Yarn Production. By T. Lawson 

Wool Substitutes, By Roberts Beaumont, M.Sc., M.I.Mech.E. 

Yarns and Fabrics, The Testing of. By H. P. Curtis. 
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DR A UGI ITS M A NSHIP 

5 . d . 

Blub Printing and Modern Plan Copying. By B. J. Hall, 

MJ.McoIlK. . * . . . . . , .60 

Blub Print Reading. By j. Unduly, B.Sc., C.K, . . 10 6 

Drawing and Designing. By Charles G. Behind, M.A. Fourth 

Edition , . . * . . . . 3 6 

Drawing Office Practice. By H. Pilkington Ward, M.So., 

AJM.lnst.CJC. . .7 6 

Engineer Draughtsmen's Work. By A Practical Draughts¬ 
man .... ...... 2 6 

Engineering Hand Sketching and Scale 1 D<awing. By Thos. 

Jackson, M.l.Meoh.K,, and Percy Bentley, A.M'.I.Mech.E. . 3 0 
Engineering Workshop Drawing. By A. C. Parkinson, B.Sc. 4 0 
Machine Design, Kxampi.es in. By < J. W. Bird, B.Sc. . .60 

Machine Drawing, A Preparatory Course to. By P. W, 

Scott * . . . . . . . . .20 

Plan Copying in Black Lines. By B. j. Hall, M.l.Meoh.K.. 2 6 

PHYSICS, CHEMISTRY, ETC* 

Biology, Introduction to Practical. By N, Walker. . 5 0 

Botany, Test Papers in. By K. Drabble, I).Sc. . . .20 

Chemical Engineering, An Introduction to. By A. F. Allen, 

B.Sc. (Hons.), F.C.S., LL.B. . . - . . 10 6 

Chemistry, A First Book of. By A. Coulthard, B.Sc. (1 Ions.), 

Ph.D., FJ.C.3 0 

Chemistry, Definitions and Formulae for Students. By 

W. G. Carey, FJ.C.. - 6 

Chemistry, Test Papers in. By E. J. Holmyard, M.A.. . 2 0 

With Points Essential to Answers . . . . .30 

Chemistry, Higher Test Papers in. By the same Author, 

1. Inorganic. 2. Organic. ..... Each 3 0 
Dispensing for Pharmaceutical St it dents . By J. W. Cooper 

and F. J. Dyer. Second Edition . . . . .76 

Electricity and Magnetism, First Book oil By W. Perron 

Maycock, MJ.E.K. Fourth Edition. . , . .60 

Magnetism and Electricity, Higher Test Papers in. By 

P. J. Lancelot Smith, M.A.3 0 

Magnetism and Electricity, Questions and Solutions in, 

Solutions by W. J. White, MJ.E.K.5 0 

Engineering Principles, Elementary. By G. E. Hall, B.Sc. 2 6 

Engineering Science, A Primer of. By Ewart S. Andrews, 

B.Sc, (Eng.). Complete Edition . . . . ,36 

Part I. First Steps in Applied Mechanics . . ,26 

Organic Pigments, Artificial. By Dr. C. A. Curtis, Trans¬ 
lated from the German by Ernest Fyleman, B.Sc., Ph J)., 

FJ.C.21 0 

Pharmacy, A Course of Practical. By J, W. Cooper, Ph.D,, 

and F. N. Appleyard, B.Sc,, FJ.C., Pli.C. . . .76 

Physical Science, Primary. By W. E. Bower, B.Sc. . .50 



METALLURGY AND METAL WORK 5 


Physics, Chemistry, etc.—contd. 5 d 

Physics, Experimental. By A. Cowling. With Arithmetical 

Answers to the Problems . . . . . .19 

Physics, Test Papers in. By P. J. Lancelot-Bmith, M.A. . 2 0 

Points Essential to Answers, 4s. In one book . .56 

Volumetric Analysis. By J. B. Coppock, B.Sc. (Lond.), F.I.C., 

F.C.S. Second Edition . . . . . . .36 

Volumetric Work, A Course oe. By E. Clark, B.Sc. . .46 

METALLURGY AND METAL WORK 

Ball and Roller Bearings, Handbook of. By A. W. 

Macaulay, A.M.I.Mech.E. . . . . . .76 

Electroplating with Chromium, Copper, and Nickel. By 

Benjamin Freeman, Ph.D., and Frederick G. Hoppe . . 21 0 

Engineering Materials. Vol. I. Ferrous. By A. W. Judge, 

Wh.Sc., A.R.C.S. . 30 0 

Engineering Materials, Vol. II. Aircraft and Automobile 
Materials—Non-Ferrous and Organic. By A. W. 

Judge, Wh.Sc., A.R.C.S.25 0 

Engineering Materials. Vol. III. Theory and Testing. 

By A. W. Judge, Wh.Sc., A.R.C.S.21 0 

Engineering Workshop Exercises. By Ernest Pull, 

A.M.I.Mech.E., M.I.Mar.E. Second Edition, Revised. , 3 6 

Piles and Filing. By Ch. Fremont. Translated into English 

under the supervision of George Taylor . . . .210 

Fitting, The Principles of. By J. Horner, A.M.I.M.E. Fifth 

Edition, Revised and Enlarged . . . . .76 

Ironfounding, Practical. By J. Horner, A.M.I.M.E. Fourth 

Edition . . - . • * * • * 10 0 

Iron Rolls, The Manufacture of Chilled. By A. Allison . 8 6 

Joint Wiping and Lead Work. By William Hutton. Third 

Edition ......... 5 0 

Metal Turning. By J. Horner, A.M.I.M.E. Fourth Edition, 

Revised and Enlarged.6 0 

Metal Work, Practical Sheet and Plate. By E. A. Atkins, 

A.M.I.M.E. Third Edition, Revised and Enlarged . .76 

Metallurgy of Cast Iron. By J. E. Hurst . . . 15 0 

Pattern Making, The Principles of. By J. Horner, 

A.M.I.M.E. Fifth Edition.4 0 

Pipe and Tube Bending and Jointing. By S.P.Marks,M.S.I.A. 6 0 

Pyrometers. By E. Griffiths, D.Sc. . . * * .76 

Steel Works Analysis. By J. O. Arnold, F.R.S., and F. 

Ibbotson. Fourth Edition, thoroughly revised . . . 12 6 

Turret Lathe Tools, How to Lay Out. Second Edition . 6 0 

Welding, Electric. By L. B. Wilson.5 0 

Welding, Electric Arc and Oxy-Acetylene. By E. A. 

Atkins, A.M.I.M.E. - * • * * _ * 7 6 

Workshop Gauges and Measuring Appliances. By L, Burn, 
A.M.I.Mech.E., A.M.T.E.E. 


5 0 
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MINERALOGY AND MINING 5 d 

Blasting With High Explosives. By W. Grrard Boulton . 5 0 

Coax,Carbonization. Byjolm Roberts,tXX.G.,M.I.Min.E., F.G.S. 25 0 
Coal Mining, Dki-initions and Formulae for Students. 

By M. IX Williams, F.G.S. . . . . . . - 6 

Colliery Electrical Engineering. By G. M. Harvey. 

Second Edition . . , . . . . . 15 0 

Compresskd Air Power. By A. W. Daw and Z. W, Daw . 21 0 

Electrical Engineering for Mining Students. By G. M. 

Harvey, M.Se., B.Kng., A.M.I.E.E. . . . , ,50 

Gold Placers, The Dredging of. By j. K. Hodgson, 

P.R.G.S. '.50 

Electricity Applied to Mining. By 11. Cotton, M.B.E., 

M.Sc. # A.M.I.E.E.35 0 

Electric Mining Machinery. By Sydney F. Walker, M.I.E.E., 

A.MXC.K., A.Amer.t.E.E.15 0 

Low Temperature Distillation. By S. North and J. B. Garbe 15 0 
Mineralogy. By F. H. Hatch, Ph.D., F.G.S., M.I.C.E., 

M.I.M.M. Fifth Edition, Revised . . . . .60 

Mining Certificate Series, Pitman's. Edited by John 
Roberts, M.I.Min.K., F.G.S., Editor of The Mining 

Educator — 

Mining Law and Mine Management. By Alexander 

Watson, A.R.S.M.8 6 

Mine Ventilation and Lighting. By C. D. Mottram, 

B.Sc.8 6 

Colliery Explosions and Recovery Work. By ]. W. 

Whitaker, Ph.D. (Eng.), B.Sc., F.I.C., M.I.Min.E.. . 8 6 

Arithmetic and Surveying. By R. M. Evans, B.Sc., 

F.G.S., M.I.Min.E. ....... 8 6 

Mining Machinery. By T. Bryson, A.R.T.C., M.I.Min.E. 12 6 
Winning and Working. By Prof. Ira G. F. Statham, 

B.Eng., F.G.S., M.I.Min.E.210 

Mining Educator, The. Edited by J. Roberts, D.T.C., 

M.I.Min.E., F.G.S. In two vols.63 0 

Mining Science, A Junior Course in. By Henry G. Bishop, 2 6 
Modern Practice of Coal Mining Series. Edited by IX 
Burns, and G. L. Kerr, M.I.M.E. 

II. Explosives and Blasting—Transmission of Power 6 0 
IV. Drills and Drilling — Coal Cutting and Coal- 


Cutting Machinery . . . . .60 

Tin Mining. By C. G. Moor, M.A. . . . . .86 

CONSTRUCTIONAL ENGINEERING 

Reinforced Concrete, Detail Design in. By Ewart S. 

Andrews, B.Sc. (Eng.) . . , . . . .60 

Reinforced Concrete. By W. Noble Twelvetrees, M.I.M.E., 

A.M.I.E.E.21 0 

Reinforced Concrete Members, Simplified Methods of 


Calculating. By W. Noble Twelvetrees. Second Edition, 
Revised and Enlarged ....... 


5 0 
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Constructional Engineering—contd. 

Specifications for Building Works . By W. L. Evershed, F.S.1. 
Structures, The Theory of. By H. W. Coultas, M.Sc., 
A,MX Struct. E., A.I.Mech.E. 

CIVIL ENGINEERING, BUILDING, ETC. 

Audel’s Masons’ and Builders’ Guides. In four volumes 

Each 

1. Brickwork, Brick-laying, Bonding, Designs 

2. Brick Foundations, Arches, Tile Setting,Estimating 

3. Concrete Mixing, Placing Forms, Reinforced 

Stucco 

4. Plastering, Stone Masonry, Steel Construction, 

Blue Prints 

Audel's Plumbers’ and Steam Fitters’ Guides. Practical 
Handbooks in four volumes ..... Each 

1. Mathematics, Physics, Materials, Tools, Dead- 

wor k 

2. Water Supply, Drainage, Rough Work, Tests 

3. Pipe Fitting, Heating, Ventilation, Gas, Steam 

4. Sheet Metal Work, Smithing, Brazing, Motors 
“ The Builder ” Series— 

Architectural Hygiene; or, Sanitary Science as 
Applied to Buildings. By Banister F. Fletcher, 
F.R.I.B.A., F.S.I., and H. Phillips Fletcher, F.R.I.B.A., 
F.S,I. Fifth Edition, Revised ..... 

Carpentry and Joinery. By Banister F. Fletcher, 
F.R.I.B.A., F.S.I., etc., and H. Phillips Fletcher, 
F.R.I.B.A., F.S.I., etc. Fifth Edition, Revised 
Quantities and Quantity Taking. By W. E. Davis. 
Sixth Edition ........ 

Building, Definitions and Formulae for Students. By T. 

Corkhili, F.B.I.C.C., M.I.Struct.E. 

Building Educator, Pitman’s. Edited by R. Greenhalgh, 
A.I.Struct.E. In three volumes ..... 
Field Manual of Survey Methods and Operations. By A. 

Lovat Higgins, B.Sc., A.R.C.S., A.M.I.C.E. 

Field Work: for Schools. By E. H. Harrison, B.Sc., L.C.P., 

and C. A. Hunter. 

Hydraulics. By E. H. Dewitt, B.Sc. (Lond.), M.I.Ae.E., 
A.M.I.M.E. Third Edition ...... 

Joinery & Carpentry. Edited by R. Greenhalgh,A.I.Struct.E. 
In six volumes ....... Each 

Mechanics of Building. By Arthur D. Turner, A.C.G.L, 

A.M.I.C.E. * TT5n 

Painting and Decorating. Edited by C. H. Eaton, F.I.B.D. 
In six volumes ....... Each 

Plumbing and Gasfitting. Edited by Percy Manser, R.P., 
A,R.San.I. In seven volumes .... Each 
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Civil Engineering, Building, Etc.- contd. 

Surveying, Tutorial Land and Mink. By Thomas 
Bryson . . . . . * . 

Water Mains, Lay-out of Small. By H. H. Hollins 

M.Iust.C.K. 1 

Watkr works for Urban and Rural Districts. Bv II. C 
Adams, MJnst.C.E., F.SX . . 


MECHANICAL ENGINEERING 

Au dhl*s Engineers’ and Mechanics' Guides. In eight 
volumes. Yds, 1-7 ...... Each 

Vol, 8. 

Condensing Plant. By R. J. Kaula, M.I.E.K., and I. V. 

Robinson, M.T.E.E. 

Definitions and Fo rmulak for Students—-Applied Me¬ 
chanics. By E. H. Lewitt, B.Sc., A.M J.Mech.E.. . 
Definitions and Formulae for Students—Heat Engines. 
By A. Rirmner, B.Eng. ....... 

Diesel Engines : Marine, Locomotive, and Stationary. By 
David Louis Jones, Instructor , Diesel Engine Department , 
U.S. Navy Submarine Department ..... 

Engineering Educator, Pitman's. Edited by W. J. 
Kearton, M.Eng,, A.M.I.Mech.E., A.M.Inst.N.A. In three 
volumes ......... 

Friction Clutches. By R. Waring-Brown, A.M.LA.E., 
F.R.S.A., M.I.P.E. . . . .... 

Fuel Economy in Steam Plants. By A. Grounds, B.Sc., 

A.I.C., A.MXMin.E,. 

Fuel Oils and Their Applications. By H. V. Mitchell, 

F.C.S. 

Mechanical Engineering Detail Tables, By John P. 
Ross .......... 

Mechanical Engineer’s Pocket Book, Whittaker’s. Third 
Edition, entirely rewritten and edited by W. E. Dommett, 

A. F.Ae.S., A.M.I.A.E. 

Mechanics' and Draughtsmen’s Pocket Book. By W. E. 

Dommett, Wh.Ex., A.M.I.A.E. ..... 
Mechanics for Engineering Students. By G. W. Bird, 

B. Sc., A.M.I.Mech.E. ....... 

Mollier Steam Tables and Diagrams, The. Extended to the 

Critical Pressure. English Edition adapted and amplified 
from the Third German Edition by H. Moss, D.Sc., A.R.C.S 

D.I.C. 

Mollier Steam Diagrams, Separately in envelope 
Motive Power Engineering. For Students of Mining and 
Mechanical Engineering, By Henry C. Harris, B.Sc, . 
Steam Condensing Plant. By John Evans, M.Eng 
A.M.I.Mech.E, ....... 


d. 

10 6 
7 6 
15 0 
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15 0 

30 0 
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- 6 
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Mechanical Engineering—contd. 

Steam Plant, The Care and Maintenance of. A Practical 
Manuail for Steam Plant Engineers. By J. E. Braham, B.Sc., 

A.C.G.I. . . .. 

Steam Turbine Theory and Practice. By W. J. Kearton, 
A.M.I.M.E. Second Edition T 

Strength of Materials. By F. V. Warnock, Ph.D., B.Sc. 

(Lond.), F.R.C.Sc.I., A.M.I.Mech.E. 

Theory of Machines. By Louis Toft, M.Sc.Tech., and A. T. J. 
Kersey, B.Sc. ........ 

Thermodynamics, Applied. By Prof. W. Robinson, M.E., 
M.Inst.C.E. . . . 

Turbo-Blowers and Compressors. By W. J. Kearton, 

A.M.I.M.E.. 

Workshop Practice. Edited by E. A. Atkins, M.I.Mech.E., 
M.I.W.E. In eight volumes ..... Each 

AERONAUTICS, ETC, 

Aerobatics. By Major O. Stewart, M.C., A.F.C. . 
Aeronautics, Definitions and Formulae for Students. 

By J. D. Frier, A.R.C.Sc., D.I.C., F.R.Ae.S. . 
Aeronautics, Elementary ; or,The Science and Practice of 
Aerial Machines. By A. P. Thurston, D. Sc. Second Edition 
Aeroplane Design and Construction, Elementary Prin¬ 
ciples of. By A. W. Judge, A.R.C.S., Wh.Ex., A.M.I.A.E. 
Aeroplane Structural Design. By T, H. Jones, B.Sc., 
A.M.I.M.E., and J. D. Frier, A.R.C.Sc., D.I.C. . 

Aircraft, Modern. By Major V. W. Pag6, Air Corps Reserve, 

U.S.A. 

^ Airmen or Noahs " : Fair Play for Our Airmen. By Rear- 
Admiral Murray F. Sueter, C.B., R.N., M.P. . 

Airship, The Rigid. By E. H. Lewitt, B.Sc., M.I.Ae.E.. 
Aviation from the Ground Up. By Lieut. G. B. Manly 
Learning to Fly. By F. A. Swoffer, M.B.E. With a Foreword 
by Air Vice-Marshalj Sir Sefton Brancker, K.C.B., A.F.C. 
Second Edition ........ 

Parachutes for Airmen. By Charles Dixon 
Pilot's A " Licence Compiled by John F. Leeming, Royal 
Aero Club Observer for Pilot's Certificates. Third Edition 

MARINE ENGINEERING 

Marine Engineering, Definitions and Formulae for 

Students. By B. Wood, B.Sc. 

Marinis Screw Propfxlers, Detail Design of. By Douglas 
H. Jackson, M.I.Mar.E., A.M.I.N.A. . 

OPTICS AND PHOTOGRAPHY 

Amateur Cinematography. By Capt. O. Wheeler, F.R.P.S. . 
Applied Optics, An Introduction to. Volume I. By L. C. 
Martin, D.Sc., D.I.C., A.R.C.S. 
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Optics and Photography—contd. 

Camera. Lenses, By A, W. Lockett ..... 

Colour Photography. By Capt. O. Wheeler, F.H.P.S., * 

Commercial Photography. By D. Charles .... 

Complete Press Photographer, The. By Bell R. Bell. 

Lens Work for Amateurs. By H. Orford. Fourth Edition . 
Photographic Chemicals and Chemistry. By T. L. J. 
Bentley and J, South'worth ...... 

Photographic Printing. By R. R. Hawkins 
Photography as a Business. By A. G. Willis 
Photography Theory and Practice. Edited by G. E. Brown 
Retouching and Finishing for Photographers. By J. S. 
Adamson ......... 

Studio Portrait Lighting. By H. Lambert, F.R.P.S, . 

ASTRONOMY 

Astronomy, Pictorial, By G. F. Chambers, F.R.A.S.. 
Astronomy for Everybody. By Professor Simon Newcomb, 
LL.D, With an Introduction by Sir Robert Ball 
Great Astronomers. By Sir Robert Ball, I >.Sc., LL.D., F.R.S. 
High Heavens, In the. By Sir Robert Ball 
Starry Realms, In. By Sir Robert Ball, D.Sc. ( LL.D., F.R.S. 

ILLUMINATING ENGINEERING 

Modern Illu min ants and Illuminating Engineering. By 
Leon Gaster and J. S. Dow. Second Edition, Revised and 
Enlarged ......... 

Electric Lighting in Factories and Workshops. By Leon 
Gaster and J. S. Dow ....... 

Electric Lighting in the Home. By Leon Gaster * 

MOTOR ENGINEERING 

Automobile and Aircraft Engines. By A. W, Judge, 
A.R.C.S., A.MXA.E. ....... 

Carburettor Handbook, The. By E. W. Knott, A.MXA.E., 
Coil Ignition for Motor-cars. By C, Sylvester, A.MXE.E,, 

A.MXMech.E. 

Gas and Oil Engine Operation. By J. Okill, M.I.A.E.. 

Gas Engine Troubles and Installation, with Trouble 
Chart. By John B. Rathbun, M.E.. 

Gas, Oil, and Petrol Engines. By A. Garrard, Wh.Ex, . 
Magneto and Electric Ignition. By W. Hibbert, A.MXE.E. 
Motor Truck and Automobile Motors and Mechanism, By 
T. H. Russell, A.M., M.E., with numerous Revisions and 
Extensions by John Rathbun ..... 
Thornycroft, The Book of the. By " Auriga 
Motor-Cyclist's Library, The. Each volume in this series 
deals -with a particular type of motor-cycle from the point 
of view of the owner-driver ..... Each 


d . 

2 6 
12 6 
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3 6 
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ELECTRICAL ENGINEERING 


n 


Motor Engineering — contd. 5 . d. 

Motor-Cyclist's Library — contd. Each 2 0 

A. J.S., The Book of the. By W. C. Haycraft. Second 
Edition 

Ariel, The Book of the. By G. S. Davison. Second 
Edition 

B. S.A., The Book of the. By “ Waysider.” Fourth 
Edition 

Douglas, The Book of the. By E. W. Knott. Third 
Edition 

Imperial, Book of the New. By F. J. Camm 
Motor-cycling for Women. By Betty and Nancy 
Debenham. With a Foreword by Major H. R. Watling 
P. and M., The Book of the. By W. C. Haycraft. Third 
Edition 

Raleigh Handbook, The. By " Mentor." Second 
Edition 

Royal Enfield, The Book of the. By R. E. Ryder 
Rudge, The Book of the. By L. H. Cade 
Triumph, The Book of the. By E. T. Brown 
Villiers Engine, Book of the. By C. Grange. 

Motorists' Library, The. Each volume in this series deals 
with a particular make o£ motor-car from the point of view 
of the owner-driver. The functions of the various parts of 
the car are described in non-technical language, and driving 
repairs, legal aspects, insurance, touring, equipment, etc., all 
receive attention 

Austin Twelve, The Book of the. By B. Garbutt and 
R. Twelvetrees. Illustrated by H. M. Bateman. Second 
Edition . ........ 5 0 

Singer Junior, Book of the. By G. S. Davison. . 2 6 

Standard Car, The Book of the. By " Pioneer " . 6 0 

Clyno Car, The Book of the. By E. T. Brown . .36 

Motorist’s Electrical Guide, The. By A. H. Avery, 

A.M.I.E.E.3 6 


ELECTRICAL ENGINEERING, ETC. 

Accumulator Charging, Maintenance, and Repair. By 
W, S. Ibbetson. Second Edition . 

Alternating Current Bridge Methods of Electrical 
Measurement. By B. Hague, D.Sc. Second Edition 

Alternating Current Circuit. By Philip Kemp, M.I.E.E.. 

Alternating Current Machinery, Papers on the Design 
of. By C. C. Hawkins, M.A., M.I.E.E., S. P. Smith, D.Sc., 
M.I.E.E., and S. Neville, B.Sc. . . • • • 

Alternating Current Power Measurement. By G. F. 

Tagg . 

Alternating Current Work. By W. Perren Maycock, 
M.I.E.E. Second Edition. 
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Alternating Currents, The Theory and Practice of. Bv 
A. T. Dover, MJ.E.E. Second Edition .... 
Armature Winding, I^ractical Direct Current. By L 

Wollirton . . 

Cables, High Voltage. By P. Dunsheath, M.A., B.Sc. 

MJ.E.E. 

Continuous Current Dynamo Design, Elementary 
Principles of. By H. M. Hobart, M.I.M.E., 

M.AJ.E.K. ........ 
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M.Amer.I.E.E. Third Edition, thoroughly Revised . 15 0 

Electric Motors (Polyphase) : Their Theory and Con¬ 
struction. By H. M. Hobart, M.Inst.C.E., M.I.E.E., 
M.Amer.I.E.E. Third Edition, thoroughly Revised . . 15 0 

Electric Motors for Continuous and Alternating Cur¬ 
rents, A Small Book on. By W. Perren Maycock, M.I.E.E. 6 0 
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Telegraphy, Elementary. By H. W. Pendry. Second 

Edition, Revised . . . . . . . .76 

Telephone Handbook and Guide to the Telephonic 
Exchange, Practical. By Joseph Poole, A.M.I.E.E. 
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D.I.C., A.M.I.E.E.7 6 

Photoelectric Cells. By Dr. N. I. Campbell and Dorothy 

Ritchie . ....... . 15 0 

Wireless Manual, The, By Capt. J. Frost. Second Edition 5 0 
Wireless Telegraphy and Telephony, Introduction to. 
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industry is treated by an expert writer and practical man of 
business. Beginning with the life history of the plant, or other 
natural product, he follows its development until it becomes a 
commercial commodity, and so on through the various phases 
of its sale in the market and its purchase by the consumer. 


Acids, Alkalis, and Salts. (Adlam.) 
Alcohol in Commerce and Industry. 

(SlMMONDS.) 

Aluminium, (Mortimer.) 

Anthracite. (Summers.) 

Asbestos. (Summers.) 

Bookbinding Craft and Industry. 

(Harrison.) 

Books—From the MS. to the Book¬ 
seller, (Young.) 

Boot and Shoe Industry, The. (Hard- 

INO.) 

Bread and Bread Baking. (Stewart.) 
Brushmaker, The. (Kiddier.) 

Butter and Cheese. (Tisdale and 
Jones.) 

Button Industry, The. (Jones.) 
Carpets. (Biunton.) 

Clays and Clay Products. (Searlb.) 
Clocks and Watches. (Overton.) 
Clothing Industry, The. (Poole.) 
Cloths and the Cloth Trade. (Hunter.) 
Coal. (Wilson.) 

Coal Tar. (Warnks.) 

Coffee—From Grower to Consumer. 

(Kjeabxjc.) 

Cold Storage and Ice Making. 
(Swungett. ) 

Concrete and Reinforced Concrete. 

(Twejqv&xius es.) 

Copper—From the Ore to the Metal. 

(PlOARD.) 

Cordage and Cordage Kornp and 
Fibres. (Woodhouse and Kil- 
oour.) 

Com Trade, The British. (Barker.) 
Cotton. (Peake.) 


Cotton Spinning. (Wade.) 

Cycle Industry, The. (Grew.) 

Drugs in Commerce. (Humphrey. 
Dyes. (Hall.) 

Electric Lamp Industry, The. (Per 
cival.) 

Electricity. (Neale.) 

Engraving. (Lascelles.) 

Explosives, Modern. (Levy.) 
Fertilizers. (Cave.) 

Film Industry, The. (Boughky. ) 
Fishing Industry, The. (Gibbs.) 
Furniture. (Binstead.) 

Furs and the Fur Trade. (Sachs.) 
Gas and Gas Making. (Webber.) 
Glass and Glass Making. (Marson.) 
Gloves anti the Glove Trade. (Ellis.) 
Gold. (White.) 

Gums and Besins. (Parry.) 
Incandescent Lighting, (Levy.) 

Ink. (Mitchell.) 

Iron and Steel. (Hood.) 
Ironfounding. (Whitelky.) 

Jute Industry,. The. (Woodhouse 
and Kilgour.) 

Knitted Fabrics. (Chamberlain and 
Quilter.) 

Lead, including Lead Pigments. 
(Smythk.) 

Leather. (Adcock, i 
Linen. (Moore.) 

Locks and Lock Making. (Butter.) 
Match Industry, The. (Dixon.) 

Meat Industry, The. (Wood.) 



Common Commodities and Industries—contd. 


Motor Industry, The. (Wyatt.) 
Nickel. (YViixtk.) 

Oil lower. (North.) 

Oils. (MmuiKLi*.) 

Paints and Varnishes. (Jkmnxnos.) 
Paper. (Maimiox.) 

Patent, Smokeless, and Semi-Smoke¬ 
less Fuels. (GitKKNb; and Perkin.) 

Perfumery, The Raw Materials of. 
(Parry.) 

Photogxaphy. (Oamiji,b.) 

Platinum Metals, The. > 

Player Piano, The. (Wuson.) 
lottery. (Nokk and Plant.) 

Rice. (Douuia.8.) 

Rubber. (Btevkns and IStkvkn'h, j 
S alt. (Calvkh*.) 

Shipbuilding and the Shipbuilding 
Industry. (Mjcvoujalt,. ) 

Silk. (Hoorsa.) 

Silver. (White.) 

Soap. (Simmons. ) 

Sponges. (Cress well. j 

Starch and Starch Products. ( Auhen. ) 


Stones and Quarries. (Howe.) 

Straw Hats. (1 nwa hi ) 

Sugar, (Mahtinkau.) (IWiMod bv 

Kahth*k.) * y 

Sulphur and Allied Products. (AirnicN.) 
Talking Machines. (Mitchum,.) 

TOR. (lllllIt'THONr.) 

Telegraphy, Telephony, and Wireless 
(Pooldfi.) 

Textile Bleaching. (iStwvkn.) 

Timber. (Bullock.) 

Tin and the Tin Industry. (Muni.ky.) 

Tobacco. (Tanvi«u.) (KovIhciI bv 

Dhkw). 

Velvet and the Corduroy Industry, 
(Cooke.) 

Wall Paper. (VVaiui.; 

Weaving. (Cuankmhaw .) 

Wheat and Its Products, (Muxau.) 
Wine and the Wine Trade. (Himon.) 
Wool. (Hunter.) 

Worsted Industry, The. (I)uMvrrxis 
and Kkkmviaw.) 

Zinc and Its Alloys. (Lonks.) 
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DEFINITIONS AND FORMULAE 
FOR STUDENTS 

This series of booklets is intended to provide engineer¬ 
ing students with all necessary definitions and formulae 
in a convenient form. 

ELECTRICAL 

By Philip Kemp, M.Sc., M.I.E.E., Head of the Elec¬ 
trical Engineering Department of the Regent Street Poly¬ 
technic. 

HEAT ENGINES 

By Arnold Rimmer, B.Eng., Head of the Mechanical 
Engineering Department, Derby Technical College. 

APPLIED MECHANICS 

By E. H. Lewitt, B.Sc., A.M.I.Mech.E. 

PRACTICAL MATHEMATICS 

By Louis Toft, M.Sc., Head of the Mathematical 
Department of the Royal Technical College, Salford. 

CHEMISTRY 

By W. Gordon Carey, F.I.C. 

BUILDING 

By T. Corkiull, F.B.T.C.C., M.I.Struc.t.E., M.Coll.H. 

AERONAUTICS 

By John D. Frier, A.R.C.Sc., D.I.C., F.R.Ae.S. ■ 

COAL MINING 

By M. D. Williams, F.G.S. 

MARINE ENGINEERING 

By E. Wood, B.Sc. 

ELECTRICAL INSTALLATION WORK 

By F. Peake Sexton, A.R.C.S., A.M.I.E.E. 

LIGHT AND SOUND 

By P. K. Bowes, M.A., B.Sc. 

Each in pocket size, about 32 pp. 6d. net. 


Sir Isaac Pitman & Sons, Ltd., Parker Street, Kingsway, W.C.2 



PITMAN’S 


TECHNICAL 

DICTIONARY 
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SCIENCE 


IN SEVEN LANGUAGES 

ENGLISH, FRENCH, SPANISH, ITALIAN, 
PORTUGUESE, RUSSIAN, AND GERMAN 

Edited by 

ERNEST SLATER, MXMech.E. 

In Collaboration \with Leading Authorities 

The Dictionary is arranged upon the basis of the English 
version. This means that against every English term will 
be found the equivalents in the six other languages, together 
with such annotations as may be necessary to show the 
exact use of the term in any or all of the languages. 

" There is not the slightest doubt that this Dictionary will be the 
essential and standard book of reference in its sphere. It has been 
needed for years,"— Electrical Industries , 

“ The work should be of the greatest value to all who have to deal 
with specifications, patents, catalogues, etc., for use in foreign trade," 
— Bankers* Magazine , 

" The work covers extremely well the ground it sets out to cover, 
and the inclusion of the Portuguese equivalents will be of real value 
to those who have occasion to make technical translations for Portugal, 
Brazil, or Portuguese East Africa."— Nature . 

Complete in four volumes. Crown 4 to, buckram gilt, £8 8s* net. 
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